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(54) Characterisation of gene function using double stranded RNA inhibition 



(57) There is provided a method of Identifying DNA 
responsible for conferring a particular phenotype in a 
cell which method comprises a) constructing a cDNA or 
genomic library of the DNA of said cell in a suitable vec- 
tor in an orientation relative to a promoter(s) capable of 
Initiating transcription of said cDNA or DNA to double 
stranded (ds) RNA upon binding of an appropriate tran- 
scription factor to said promoter(s), b) introducing said 
library into one or more of said cells comprising said 
transcription factor, and c) Identifying and isolating a 
particular phenotype of said cell comprising said library 
and identifying the DNA or cDNA fragment from said li- 
brary responsible for conferring said phenotype. Using 



this technique it is also possible to assign function to a 
known DNA sequence by a) Identifying a homologue(s) 
of said DNA sequence in a cell, b) isolating the relevant 
DNA homologue(s) or a fragment thereof from said cell , 
c) cloning said homologue or fragment thereof into an 
appropriate vector in an orientation relative to a suitable 
promoter(s) capable of initiating transcription of dsRNA 
from said DNA homologue or fragment upon binding of 
an appropriate transcription factor to said promoters) 
and d) introducing said vector into said cell from step a) 
comprising said transcription factor. 
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Description 

[0001 ] The present Invention is concerned with characterization or identification of gene function using double strand- 
ed RNA inhibition (dsRNAi) and methods of identifying DNA responsible for inducing a specific phenotype in a cell and 

s a method of assigning function to known gene sequences. 

[0002] It has recently been described in Nature Vol 391 , pp.806-811 , February 98, that introducing double stranded 
RNA into a cell results in potent and specific interference with expression of endogenous genes in the cell and which 
interference is substantially more effective than providing either RNA strand individually as proposed in antisense 
technology. This specific reduction of the activity of the gene was also found to occur in the nematode worm Caenorhab- 

10 dltls elegans (C. elegans) when the RNA was Introduced Into the genome or body cavity of the worm. 

[0003] The present inventors have utilized this technique and applied it further to devise novel and inventive methods 
of assigning functions to genes or DNA fragments, which have been sequenced in various projects, such as, for ex- 
ample, the human genome project and which have yet to be accorded a particular function and for use in identifying 
DNA responsible for conferring a particular phenotype. 

is [0004] Therefore, according to a first aspect of the present invention there is provided a method of Identifying DNA 
responsible for conferring a phenotype in a cell which method comprises a) constructing a cDNA or genomic library of 
the DNA of said cell in an orientation relative to a promoter(s) capable of promoting transcription of said cDNA or DNA 
to double stranded (ds) RNA upon binding of an appropriate transcription factor to said promoter(s), b) introducing said 
library into one or more of said cells comprising said transcription factor, and c) Identifying and isolating a desired 

20 phenotype of said cell comprising said library and identifying the DNA or cDNA fragment from said library responsible 
for conferring said phenotype. 

[0005] In a preferred embodiment of the Invention the library may be organised into hierarchical pools as described 

in more detail in the examples provided, prior to step b) such as to include, for example, gene families. 

[0006] According to a further aspect of the invention there is also provided a method of assigning function to a known 

*5 DNA sequence which method comprises a)identifying a homologue(s) of said DNA in a cell, b) isolating the relevant 
DNA homologue(s) or a fragment thereof from said cell, c) cloning said homologue or fragment Into an appropriate 
vector in an orientation relative to a promoter(s) capable of promoting transcription of dsRNA upon binding of an ap- 
propriate transcription factor to said promoters, d) introducing said vector into said cell from step a) comprising said 
transcription factor, and e) Identifying the phenotype of said cell compared to wild type. 

30 [0007] In each aspect of the invention, the nucleotide or DNA sequence may either be provided in a sense and an 
antisense orientation relative to a single promoter which has the properties defined above, or alternatively it may be 
provided between two identical promoters. In both embodiments dsRNA is provided from the transcription initiated 
from the promoter following binding of its appropriate transcription factor. 

[0008] The cell according to the invention may be derived from or contained in an organism. Where the cell Is con- 
35 tained within an organism, the organism may be adapted to express the appropriate transcription factor. The organism 
may be any of a plant, animal, fungus or yeast but preferably may be the nematode worm C. elegans, which may be 
any of a wild type, a nuc-1 or pha-ts mutant of C. elegans or a combination of said mutations. In an alternative embod- 
iment the DNA or cDNA library or the DNA homologue or fragment thereof may, advantageously, be transfected or 
transformed into a microorganism, such as a bacterial or yeast cell, which may be fed to the organism, which is pref- 
40 erably the nematode worm C. elegans. In this embodiment of the invention the microorganism may be adapted to 
express the appropriate transcription factor. Preferably, the microorganism Is E. coll. 

[0009] In each aspect of the invention, the DNA library, DNA homologue or DNA fragment may be constructed in a 
suitable DNA vector which comprises a sequence of nucleotides which encode said transcription factor. Alternatively, 
said transcription factor is encoded by a further vector. In an even further alternative, the cell or organism may express 

45 or be adapted to express said transcription factor. Preferably, any of the vectors used in the method according to the 
invention comprises a selectable marker which may be, for example, a nucleotide sequence encoding sup-35 or a 
fragment thereof. The nucleotide sequence may be orientated relative to a promoter such that binding of a transcription 
factor to the promoter Initiates transcription of the DNA into double stranded RNA. Figure 1 0 illustrates the vectors and 
the orientation of the DNA sequence which enable double stranded RNA production, in C. elegans. Thus in one em- 

so bodiment the DNA is located between two promoters on a vector capable of expressing dsRNA upon binding of an 
appropriate transcription factor to said promoters. Alternatively, the vector comprises two copies of the DNA sequence 
organised In a sense and antisense orientation relative to the promoter and which marker Is selectable when contained 
in a pha-1 mutant C. elegans. Preferably, the promoters are any of T7, T3 or SP6 promoters and the transcription factor 
comprises the appropriate polymerase. 

55 [0010] Preferably, the selectable marker comprises a nucleotide sequence capable of Inhibiting or preventing ex- 
pression of a gene in said cell and which gene is responsible for conferring a known phenotype. This nucleotide se- 
quence may be part of or identical to said gene conferring said phenotype, and which nucleotide sequence is itself 
oriented relative to a suitable promoter(s) capable of initiating transcription of double stranded RNA upon binding of 
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an appropriate transcription factor to said promoter(s). Alternatively, the nucleotide sequence may be a part of or 
identical to said gene sequence conferring said phenotype, and which nucleotide sequence is such as to permit inte- 
gration of said suitable or further vector by homologous recombination in the genome of said cell and following said 
integration said nucleotide sequence is capable of inhibiting expression of said gene sequence conferring said phe- 
notype. In this embodiment said nucleotide sequence comprises stop codons sufficient to prevent translation of said 
nucleotide sequence following its integration into said genome. 

[001 1] Compounds can, advantageously, in said method be added to said cell or organism for the purposes of screen- 
ing for desired phenotypes, such as for example, resistance or sensitivity to the compound when compared to wild 
type. The promoters are preferably inducible. The transcription factor may in some embodiments be phage derived, 
such as for example, a T7 polymerase driven by a phage promoter. However, when C. elegans Is utilised a worm 
specific or tissue specific promotercan be used, such as for example, let858,SERCA,UL6,myo-2ormyo-3. Preferably, 
the E. coil strain is an RNAaselll and even more preferably an Rnase negative strain. 

[0012] A further aspect of the present invention provides a method of generating a transgenic non-human organism 
comprising an exogenous transcription factor and a transgene comprising a promoter operably linked to DNA fragment 
which Is expressed upon binding of said transcription factor thereto, the method comprising a) providing a first trans- 
genic organism comprising a first construct incorporating DNA encoding an exogenous transcription factor and a second 
transgenic organism comprising a second construct including at least one promoter operably linked to a desired DNA 
sequence which is expressed upon binding of the transcription factor of said first transgenic organism thereto b) cross- 
ing said first and second transgenic organisms and selecting offspring expressing said desired DNA sequence. In one 
embodiment said first and second transgenic organisms are generated by transforming said first and second constructs 
into respective microorganisms for subsequent feeding to the respective organism. Preferably, said second construct 
comprises said desired DNA sequence in an orientation relative to said promoter so as to be capable of Initiating 
transcription of said DNA to dsRNA upon binding of said transcription factor thereto. In this embodiment said second 
construct comprises two promoters flanking said desired DNA sequence which promoters can Initiate transcription of 
said DNA sequence to dsRNA upon binding of said transcription factor to said promoters. Alternatively, said DNA 
sequence is provided In a sense and an antisense orientation relative to said promoter so as to produce dsRNA upon 
binding of the transcription factor to the promoters.. In each of these embodiments the first and/or second constructs 
may preferably be provided with a reporter gene operably linked to a promoter which is capable of initiating transcription 
of said reporter upon binding of said transcription factor thereto. Preferably, the reporter gene encodes any of Luci- 
ferase, Green Fluorescent protein, p" galactosidase or p-lactamase. 

[0013] The present Invention also Includes a method of validating clones identified In yeast two hybrid vector exper- 
iments which experiments are well known to those skilled in the art and which experiments were first proposed by 
Chien etal. (1991) to detect protein - protein Interactions. The method according to the invention comprises providing 
a construct Including the DNA encoding a protein Identified in a two hybrid vector experiment, which construct is such 
that said DNA is provided in an orientation relative to one or more promoters capable of promoting transcription of said 
DNA to double stranded RNA upon binding of an appropriate transcription factor to said promoters, transforming a cell, 
such as a bacterial cell or alternatively transforming an organism comprising said transcription factor with said con- 
structs and Identifying a phenotypic change in said cell or organism, which may be C. elegans or the like, compared 
to wild type. Preferably, the transcription factor is inducible in the cell or organism. Once again the DNA sequence may 
be located between two promoters or in both a sense and antisense orientation relative to a single promoter, as de- 
scribed above. Preferably, the promoter is a phage polymerase promoter and said transcription factor is a RNA polymer- 
ase, and preferably T7 polymerases. Also encompassed with the scope of the present invention are vectors used to 
transform said cells or organisms and the cells or organisms themselves. 

[0014] In a further aspect of the present invention there is provided a method of alleviating pest infestation of plants, 
which method comprises a) identifying a DNA sequence from said pest which is critical either for Its survival, growth^ 
proliferation or reproduction, b) cloning said sequence from step a) or a fragment thereof in a suitable vector relative 
to one or more promoters capable of transcribing said sequence to RNA or dsRNA upon binding of an appropriate 
transcription factor to said promoters, and c) Introducing said vector into the plant. 

[0015] Thus, advantageously, the method according to the invention provides a particularly selective mechanism for 
alleviating pest infestation, and in some cases parasitic infestation of plants, such that when the pest feeds on the plant 
it will digest the expressed dsRNA in the plant thus inhibiting the expression of the DNA within the pest which is critical 
for its growth, survival, proliferation or reproduction. In a preferred embodiment, the pest may be any of Tylenchulus 
ssp. Radopholus ssp., Rhadinaphelenchus ssp., Heterodera ssp., Rotylenchulus ssp., Pratylenchus ssp., Belonol- 
aimus ssp.,Canjanusssp.,Meloidogynessp.,Globoderassp., Nacobbus ssp., Ditylenchus ssp., Aphelenchoid.es ssp., 
Hirschmenniella ssp., Anguina ssp., Hoplolalmus ssp., Heliotylenchus ssp., Criconemellassp., Xiphinemassp., Longi- 
dorusssp.,Trichodorusssp., Paratrichodorusssp., Aphelenchs ssp. The DNA sequence orfragment thereof according 
to this aspect of the invention may be cloned between two tissue specific promoters, such as two root specific promoters. 
[0016] A further aspect of the invention concerns the vector used in each of the methods of the invention for con- 
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structing said library, which vector comprises two identical promoters oriented such that they are capable of Initiating 
transcription of DNA sequence located between said promoters to dsRNA upon binding of an appropriate transcription 
factor to said promoters. The DNA sequence may, for example, include a multiple cloning site. Preferably, the expres- 
sion vector comprises a nucleotide sequence encoding a selectable marker. In one embodiment the nucleotide se- 
quence encoding said selectable marker Is located between two identical promoters oriented such that they are capable 
of initiating transcription of DNA located between said promoters to double stranded RN A upon binding of an appropriate 
transcription factor to said promoters. Preferably, the selectable marker comprises a nucleotide sequence encoding 
sup-35, for introduction Into C. elegans having a pha-1 mutation. 

[0017] Preferably, the transcription factor comprises either a phage polymerase which binds to its corresponding 
promoter or a C. elegans specif ic promoter and even more preferably T7 polymerase. Preferably, the vector Includes 
a multiple cloning site between said identical promoters. 

[0018] In a further aspect of the invention there is provided an expression vector for expressing an appropriate tran- 
scription factor for use in a method according to the invention which vector comprises a sequence of nucleotides 
encoding said transcription factor operably linked to suitable expression control sequences. Preferably, the expression 
control sequences include promoters which are Inducible, constitutive, general or tissue specific promoters, or combi- 
nations thereof. Preferably, the transcription factor comprises a phage polymerase, and preferably T7, T3 orSP6, RNA 
polymerase. 

[001 9] A further aspect of the invention provides a selection system for identifying transformation of a cell or organism 
with a vector according to the invention which system comprises a vector according to the Invention wherein said 
selectable marker comprises a nucleotide sequence capable of inhibiting or preventing expression of a gene in said 
cell or organism which gene is responsible for conferring a known phenotype. Preferably said nucleotide sequence 
corresponds to a part of or Is identical to said gene conferring said known phenotype, and which nucleotide sequence 
is itself located between two identical promoters capable of initiating transcription of double stranded RNA upon binding 
of an appropriate transcription factor thereto. Alternatively, the nucleotide sequence comprises a nucleotide sequence 
which is a part of or identical to said gene sequence which confers a known phenotype on said cell or organism, and 
which Is such that following Integration of said vector by homologous recombination In the chromosome of said cell or 
organism said sequence inhibits expression of said gene sequence conferring said known phenotype: Preferably, ac- 
cording to this embodiment the nucleotide sequence comprises stop codons sufficient to prevent translation of the 
nucleotide sequence following integration into said chromosome. Preferably, the known gene sequence comprises a 
sup-35 gene or a fragment thereof which is selectable by identifying offspring growing at a temperature above 25°C 
following introduction In a pha-1 et123ts mutant C. elegans worm. 

[0020] In a further aspect of the invention provides said known gene sequence comprises a sup-35 gene or a fragment 
thereof which is selectable by Identifying offspring growing at a temperature above 25°C following Introduction of said 
vector In a pha-1 et123ts mutant C. elegans worm. An even further aspect comprises a method of assigning function 
to a DNA sequence of a multicellular organism which method comprises a) providing i) a construct comprising said 
DNA fragment cloned between two promoters capable of promoting transcription in said multicellular organism, in a 
multicellular organism capable of initiating transcription from said promoter; b) identifying the phenotype of said mul- 
ticellular organism compared to wild type. 

[0021] The present invention may be more clearly understood by the following examples which are purely exemplary 
with reference to the accompanying figures, wherein: 

Figure 1 is a nucleotide sequence of plasmid PGN1 in accordance with the present invention. 

Figure 2 is a nucleotide sequence of plasmid PGN100 in accordance with the present invention. 

Figure 3 is a schematic representation of the vectors used and the transformation regime used in the methods 
according to the present invention. 

Figure 4 is an illustration of an expression vector used in accordance with the invention. 

Figure 5 is a schematic illustration of the T7 RNA polymerase expression vectors used for transforming C. elegans. 

Figure 6 is an illustration of plasmid PGN1 . 

Figure 7 is a diagrammatic representation of an enhanced vector for dsRNA inhibition encoding sup-35 dsRNA. 



Figure 8 



is an illustration of a vector for integration into the genome of C. elegans. 
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Figure 9 is an illustration of the position of a DNA sequence(s) relative to a suitable promoter to initiate expression 
of dsRNA from the DNA sequence(s). 

Figure 10 is a representation of plasmid pGN1 08. 

5 

Figure 11 is a representation of plasmid pGN1 05. 
Figure 12 is a representation of plasmid pGN400. 
to Figure 13 is a representation of plasmid pGN401 . 
Figure 14 is a representation of plasmid pGN110. 

Figure 15 is a representation of plasmid pAS2 with forward and reverse T7/T3/SP6 promoters. 

15 

Figure 16 is a representation of plasmid pGAD424 with forward and reverse T7/T3/SP6 promoters. 
Figure 17 is a representation of plasmid pAS2-cyh2-HA+, both T7-final. 
20 Figure 18 is a representation of plasmid pGAD424-without-FULL-ICE-BOTH-T7. 

Figure 1 9 (a) Is a representation of plasmid pGN205 and(b) is a representation of plasmid pGN207. 
Example A: Construction of an ordered and hierarchical pooled cDNA library and applications thereof. 

25 

A random ordered and pooled library: 

[0022] The vector is an £ coli vector harboring two T7 promoters, with a multiple cloning site (MCS) in between. 
The two promoters are orientated towards each other, and towards the MCS. In the presence of T7 RNA polymerase, 
30 expressed in £ coli, C. elegans or any other organism, RNA will be produced, starting from the two T7 promoters. As 
these are oriented in the opposite sense, both strands of RNA will be produced from the DNA inserted (cloned) Into 
the MCS in between the two promoters which results in the generation of double stranded RNA (dsRNA) upon binding 
of the T7 RNA polymerase thereto. 

[0023] A C. elegans cDNA library Is constructed in the MCS using standard molecular biological techniques. The 
35 library is transformed into £ coli, and the resulting £ coli are grown in culture and stored in 96 multi-well plates. At 
this stage, plasmid DNA can be isolated and stored in 96-multl-well plates corresponding to those of the E coWcolonies. 
Approximately 1 00,000 colonies are scored. In this way, the library will harbor approximately 5 times the total expressed 
cDNA variation of C. elegans, which gives the opportunity for low expressed sequences to be present In the library. 
This will result in approximately 1 041 96-well plates. The plates are hierarchical pooled as necessary. For the present 
40 pooling of the clones is arranged in a range of 1 0 to 1 00. If the hierarchical pooling is per B or 12 (numbers are more 
convenient as 96-well plates have a 8 to 1 2 grid), this will result In approximately 87 multi-well plates and approximately 
8352 wells. If hierarchical pooling is per 96 wells, which is a full plate, this results in approximately 11 plates and 
approximately 1 041 wells. At any stage of the hierarchical pooling, plasmid DNA can be isolated, which would be less 
elaborate as less plates are used, but will result in a loss of complexity although this should not be the case in the 
45 pooling per 1 2. The pooling of the DNA can also be carried out with the original DNA. 

[0024] The experiments below describe how the hierarchical pooling should be performed, both for the DNA and for 
the £ coli library. 



An ordered library for RNAI technology, harboring every gene of the C. elegans genome, with applications 
so thereof 

[0025] As the genome-sequencing project Is coming to an end, this information can be used in the application of T7 
RNA inhibition technology. Every gene of the C. elegans genome can be cloned using PCR technology. In preference, 
exons will be cloned with a minimal length of 500 bp. If the exons are too small, smaller fragments will be isolated with 
ss PCR, or even parts of introns and neighboring exons will be isolated with PCR technology so that at least a sufficient 
part of the translated region of the gene is cloned. For this, at least 17000 PCR reactions need to be performed. This 
collection of PCR products will be cloned in a T7 vector as described (two T7 promoters oriented towards each other 
with a multiple cloning site in between). Every PCR product is cloned independently, or can be used to generate a 
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random library, analogous to the described cDNA library. If every PCR product is cloned individually, the resulting 
bacteria and plasmid DNA can be pooled in various ways. Firstly, this collection of individually cloned PCR products 
in the T7 RNAi vector can be pooled randomly, as described in the random library. This pooling can also be done in a 
more rational way. For instance, the genes of the C. elegans genome can be analyzed using bioinformatic tools (in 

s silico biology). Various genes of the genome will belong to a gene family, or will have homologues in the genome. 
These members of the gene family will be pooled, or the members, being homologues will be pooled. In this way the 
total number of about 17000 clones is reduced to a more useable quantity. This library can be used to screen for 
phenotypes in the methods according to the Invention. The resulting phenotype gives a functional description to the 
gene or gene family or gene homologues of the C. elegans genome. As the library consists of a part of every gene in 

10 the genome, this method enables description of the full genome in functlonal-phenotyplc terms. For this the double 
stranded RNA (dsRNA) needs to be introduced in the worm. This introduction of clones alone, or pooled clones, being 
random pooling or rational pooling can be achieved in several ways as described. 

Example of a vector for the expression of double stranded RNAI 

15 

[0026] Any vector containing a T7 promoter may be used, and which contains a multiple cloning site (there are many 
commercially available). Primers containing the T7 promoter and a primer with the reverse complementary strand, 
both with the appropriate ends are designed. These primers can be hybridized, and if well designed, cloned in the 
vector of choice. The minimal sequence for a T7 promoter Is TAATACGACTCACTATAGGGCGA. Although any vector 
zo can be used for the construction of a T7 expression vector there follows an example of how to achieve this with the 
vector pGEM-3zf(-). 

- Vector pGEM-3zf(+) (PROMEGA) was digested with Hindlll and Sail 

- Primers oGN1 and oGN2 were mixed together at a final concentration of 1 u.g/30 uJ boiled and cooled slowly to 
25 room temperature. 

- The primer was ligated into the vector using standard ligation procedures. The resulting vector Is pGN 1 (shown In 
Figure 1) and contains two T7 promoters oriented towards each other, and harbors a multiple cloning site in be- 
tween. 

30 Sequences of oGNI and oGN2 are: 

- 0GN1 : AGC TGT AAT ACG ACT CAC TAT AGG GCG AGA AGC TT 

- oGN2: TCG AAA GCT TCT CGC ATA ATA GTG AGT CGT ATT AC 

35 Example of the construction of a library 

[0027] RNA may be isolated from every organism that is sensitive to RNAi. In general the isolated RNA is then copied 
Into double stranded cDNA, and subsequently prepared in suitable vectors for cloning. Several procedures exist and 
molecular biology kits can be purchased from various firms including promega.clontech, boehringer Mannheim, BRL, 
40 etc which enable: 

- isolation of RNA, 

- eventually polyA RNA can be isolated (several techniques and kits available) 

- first strand synthesis with AMV reverse transcriptase, random hexameric primers and/or oligo (dT) primer 
« - second strand synthesis with Rnase H, DNA Poiymerasel, 

- flush ends with T4 DNA Polymerase 
addition of an adaptor with T4 DNA ligase. 
eventually treatment with T4 polynucleotide Kinase 
cloning of the cDNA into the vector. 

[0028] The resulting ligation mixture can be considered as the cDNA library. The ligation contains all cDNA of the 
procedure ligated into the vector of interest. 

To order the library, the ligation needs to be transformed into E. coli strains. 
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Application of this E. coll or DNA library 

T7 RNA producing strain: 
5 [0029] 

- a standard strain is BL21 (DE3): F-ompT[lon]hsds(r-m-; and E. coli B strain) A. (DE3). Eventually variants of BL21 
(DE3) can be used, although BL21 (DE3)pLysS is used. ■ 

- any other £ coli strain which produces the T7 RNA polymerase, which may be available needs to be constructed. 
10 This can be generated easily using a phage, which is commercially available, in this case, the J1CE6 vector (provided 

by Promega) is used. Almost every £ coli strain can be transfected with this phage and will produce T7 RNA 
polymerase. 

- a RNAselll mutant E. coli: 

15 Various strains are In principle available, we chose In a first experiment to use strain AB301 -1 05: rna-1 9, suc- 

11, bio-3, gdhA2, his95, rnc-105, relA1 , spoT1 , metB1 . (Kinder etal. 1973 Mol. Gen. Genet 126:53), but other 
strains may suit better. This strain Is Infected with XCE6 and so a T7 producing variant will be constructed. 
Wild type C. elegans worms can be grown on the bacteria pools. The bacteria is expressing the T7 RNA 
polymerase. This results in large quantities of dsRNA In the gut of the C. elegans, which will diffuse in the 

20 organism and results in the inhibition of expression. This library can now be used for the screening of several 

phenotypes. This technique has the advantage that it is a much faster to detect relevant genes in certain 
. pathways, than the known C. elegans technology. Moreover, if an interesting phenotype Is found, the respon- 
sible gene can be cloned easily. 

Using the hierarchical pooling one can easily find In a second screen the relevant clone of the pool. The 
25 inserted DNA of this clone can then be sequenced. 

This experiment results In genetic and biochemical DATA In one step. 

Wild type C. elegans strains can be combined with compounds to screen for phenotype, drug resistance and 
or drug sensibility. The C. elegans strain can be a mutant strain, screening for an enhanced phenotype, reduced 
phenotype, or a new phenotype. The C. elegans strain can be a mutant strain, and the library screen can be 

30 combined with compounds. So one can screen for drug resistance, drug sensibility, enhanced phenotype, 

reduced phenotype, or a new phenotype. The E. coll strain may be any T7 RNA polymerase expressing strain, 
like BL21 (DE3), for example, but the formation of double strand RNA may be enhanced by using a special 
£ coli strain that is RNAselll negative. RNAselll recognizes specific loops in dsRNA. Eventually, an £ coll 
strain can be used that Is deleted In RNAses other than RNAselll or an £ coli can be used that Is deleted in 

35 one or more RNAses. The expression of the T7 RNA polymerase in most known £ coli strains and constructs 

which are available to generate T7 RNA polymerase producing £ coli strains, generally comprise an inducible 
promoter. In this way the production of the T7 RNA polymerase is regulated, and thus the production of the 
dsRNA. Advantageously, this feature can be used to "pulse" feed the C. elegans worms at specific stages of 
growth. The worms are grown on the non-induced £ coli strains. When the worn has reached the stage of 

40 interest, the T7 RNA production in the bacteria is induced. This allows the studying of the function of any gene 

at any point In the life cycle of the animal. 

Screening the library for homologues of putative Interesting human genes, and assign function to these genes 

*5 [0030] Hundreds of genes have been Isolated in various projects, being genomic projects, differential expressed 
arrays, hybridization studies, etc. The described cDNA library can provide a way to validate and or assign function to 
these genes in a fast and efficient manner. First of all the worm homologue or homologues or the genes need to be 
Identified by bioinformatic tools (in sllico biology). PCR primers are developed and the cDNA fragment is isolated using 
PCR technology. PCR can be performed on the hierarchical pools. The positive pool or individual wells harboring the 

so bacteria that has the appropriate cDNA Is fed to C. elegans and the phenotype is scored. 

[0031] PCR can be performed on cDNA isolated from C. elegans. The resulting DNA can be cloned in the T7 vector 
and transformed in the dsRNA producing £ coll on which the C. elegans worms are then fed. Depending on which 
way is faster and more reliable a choice needs to be made. 

[0032] If the gene belongs to a gene family, the worm may need to be fed on a mixture of bacteria. Each of them 
55 harboring a part of the member of the gene family. £ coli strains, growth conditions, combinations with compounds 
can be performed as described above. 

[0033] If the library rational is used, in which all the genes of C. elegans are cloned in a organized and structured 
way, the C. elegans homologue and eventually the other homologues, orthologues, and members of the gene family 
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can be traced back easily in the library using a silico biology. No PCR is involved in this step, and the bacteria and or 
DNA can be isolated on which the worm will be grown. 

Examples 

5 ' 

[0034] The idea of the series of experiments was to test both the RNAi vector and the various E. coli strains that 
were constructed. 

1) Construction of a test plasmid 

10 

[0035] Any cDNA that gives a clear phenotype in the worm when knocked-out, or used in a RNAi experiment can 
be used. It is known that unc-22 Is a good candidate, but may other genes are possible. We opted for a sensitive 
system that can be used at a later stage. The system was tested with sup-35 in a pha-1 background. Exon 5 of the 
sup-35 was isolated by PCR and cloned in the T7 promoter vector pGN1 . The resulting vector was designated pGN2. 
is pha-1 (e2123) mutant worms cannot produce offspring at temperatures higher than 25°C. This Is due to a develop- 
mental problem in embryogenesis. When sup-35 is knocked-out, or inhibited in this strain, offspring may grow at this 
temperature. Combination of pha-1 mutant worms and sup-35 RNAI Is a good system to validate the various options. 

2) Testing the RNAi using an E. coli strain that produces dsRNA. 

20 

[0036] 

- pGN2 was introduced in E. coli strain BL21(DE3) and T7 RNA polymerase was induced with IPTG. C. elegans 
worms (pha-1 (e2123)) were Inoculated on this bacteria, and grown at the restricted temperature of 25-C. As this 
25 mutant is an embryonic mutant at this temperature, no offspring will be observed. If the sup-35 gene is efficiently 

Inhibited by the dsRNA present In the E coll, offspring will be observed. 
• pGN2 was introduced in E. coffstrain AB301 -1 05(DE3) and T7 RNA polymerase was induced with IPTG. C. elegans 
worms (pha-1 (e2123)) were inoculated on this bacteria, and grown at the restricted temperature of 25°C. As this 
mutant Is an embryonic mutant at this temperature, no offspring will be observed. If the sup-35 gene Is efficiently 
30 inhibited by the dsRNA present in the E. coli, offspring will be observed. 

3) Improving the worm strain for better uptake of dsRNA. 

[0037] Before plating the pha-1 C. elegans on the E. coll strain that produce the double stranded sup-35 RNA. The 
35 worm was mutagenised with EMS (Methane sulfonic Acid Ethyl). The offspring of this mutagenised worm is then plated 
on the bacteria. The worm that feed on this bacteria give larger offspring which has a mutation that results in an 
improvement of dsRNA uptake, and can be used for further experiments. 

Stable integration of the dsRNA producing vector into the genome of the T7 RNA polymerase producing worm 

[0038] An E. coli vector can be constructed harboring the following features; Two T7 promoters directed towards 
each other, with a restriction site or a multiple cloning site in between. Furthermore, the vector may contain the C. 
elegans sup35 genomic DNA, engineered in such a way that It contains several stopcodons at various Intervals, so 
that no full length protein can be expressed form the sup35 genomic DNA fragment as illustrated in Figure 8. Any cDNA 
45 or cDNA fragment can be cloned in the multiple cloning site between the two T7 promoters. When this vector is Intro- 
duced in a C. elegans strain which expresses T7 RNA polymerase, the cDNA or DNA fragment cloned between the 
two T7 promoters will be transcribed, generating dsRNA from the cloned fragment. 

[0039] The vector is designed to be used in pha-1 (e2123) mutant worms expressing T7 RNA polymerase. The 
expression of theT7 RNA polymerase may be constitutive or regulated, general or tissue specific. These pha-1 (e21 23) 

so worms cannot produce offspring at temperatures higher than 25°C, which Is due to a development problem in embry- 
ogenesis. When sup-35 is inhibited or knocked-out in this stain, offspring may grow at this temperature. 
[0040] When the vector is introduced In the worm, the vector may integrate by homologous recombination (Campbell- 
like integration). It has been shown that homologous recombination occurs in C. elegans, although at low frequencies 
(Plasterk and Groenen, EMBO J. 11:287-290, 1992). Homologous recombination at the sup35 gene will result in a 

55 knock-out of the gene as the two resulting sup-35 genes will harbor the stopcodons. The resulting worm, and Its off- 
spring, if this recombination happens in the eggs, will have a copy of the vector integrated in the genome. This can be 
selected as only the worms for which the sup-35 has been knocked-out will have offspring at temperatures higher than 
25°C. Furthermore, the resulting worm will stably produce double stranded RNA from the DNA fragment cloned between 
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the two T7 promoters. This worm can now be considered as a stable transgenic worm strain with a reduction of (unction 
of the gene, from which a fragment has been cloned between the two T7 promoters. 

[0041] The DNA may be delivered to the worm by several techniques, including injection, ballistic transformation, 
soaking in the DNA solution, feeding with bacteria. New and other methods that increase the transformation efficiencies 
s can be considered. 

[0042] The target C. elegans strain may in addition, have other mutations than the pha-1 (e2123) mutation, and may 
express other genes than T7 RNA polymerase. 

EXAMPLE B: a Yeast twc-hybrid-RNAi vector 

to 

[0043] A yeast two hybrid vector can be constructed harboring the two T7 promoters. The vectors can be designed 
to replicate both in yeast and in £ coil. In general cDNA libraries for the yeast two hybrid system are made in the Ga14 
or LexA vectors. The library is constructed in vectors having the activation domain of one of these genes. A vector can 
be constructed that can still perform in the yeast two hybrid screen but which also contains two T7 promoters orientated 

's towards each other, with a cloning site therein between. The order of the sequences in the plasmld will then be "plasmid 
backbone, (GAL4-T7), MCS, T7, backbone". A C. elegans cDNA library constructed in this vector can be used as a 
standard yeast two hybrid library in an experiment to isolate interacting proteins with a given protein. Once a clone Is 
isolated, the plasmid can be introduced in an £ coil strain expressing the T7 RNA polymerase, and hence will produce 
dsRNA of the cloned fragment. The bacteria producing this dsRNA can be fed to the worm and phenotypes can be 

20 scored. As in the previous example, this validation procedure for a newly isolated yeast two hybrid clone is remarkably 
shorter than the standard procedure, which requires PCR and/or cloning steps, RNA experiments and/or knock-out 
experiments. In most cases Isolated clones are sequenced first, and on the basis of the sequence, a decision is made 
to continue with further experiments. In the present invention every isolated clone can easily be introduced into the 
appropriate £ coll and fed to the worm. Validation is then performed by phenotype analysis. 

25 [0044] To apply this procedure a yeast two hybrid was performed using a known gene as bait and the newly con- 
structed library as the target. Proteins coded by the clones In the target that Interact with the bait protein, will result In 
positive yeast clones expressing the reporter molecule such as can be observed by LacZ staining with X-gal. The 
plasmid coding for the target protein is isolated directly from the yeast strain and introduced in £ coli. The £ coli is 
T7 RNA polymerase producing £ coli. In this case, double stranded RNA is produced from the DNA cloned in the 

30 multiple cloning site of the vector. When this dsRNA is fed to the worm using the methods described previously, the 
gene has inhibited in the worm, resulting in a particular phenotype. 

- This yeast two hybrid vector can advantageously be used to construct an ordered and hierarchically pooled library 
as described in the previous example, 
as - A yeast strain can also be constructed that conditionally produces T7 RNA polymerase. After yeast two hybrid 
experiments, the expression of the T7 polymerase could be induced, resulting in the production of dsRNA In the 
yeast cell. Consequently the yeast could be fed to the worm. Evidence is available showing that the C. elegans 
worms can feed on yeast. 

*o Construction of a T7 RNA polymerase producing strain, and applications thereof 

[0045] A C. elegans strain can be constructed that expresses T7 RNA polymerase. The expression can be general 
and constitutive, but could also be regulated under a tissue specific promoter, an inducible promoter, or a temporal 
promoter or a promoter that harbors one of these characteristics or combination of characteristics. DNA can be intro- 

■« duced in this C. elegans strain. This Is done either by injection, by shooting with particles, by electroporatlon or as 
aforementioned by feeding. If the DNA is a plasmid as described in the previous examples, i.e. a plasmid harboring a 
cloned cDNA fragment or a PCR fragment between two flanking T7 promoters, then dsRNA of this cDNA or PCR 
fragment is formed in the cell or whole organism resulting i n down regulation of the correspond! ng gene. The introduced 
DNA can have an efficient transient down regulation. The introduced DNA can form an extrachromosomal array, which 

so array might result in a more catalytic knock-out or reduction of function phenotype. The plasmid might also integrate 
into the genome of the organism, resufting in the same catalytic knock out or reduction of function phenotype, but which 
Is stably trans'mittable. 

Plasmid DNA harboring a cDNA or a part of a cDNA or an EST or an PCR fragment of C. elegans cloned between 
ss two T7 promoters as described in Examples A) and B) can be Introduced in the T7 RNA polymerase worm, by 

standard techniques. Phenotypes can be analysed -DNA from an ordered and pooled library as in Example A) can 
be introduced in the T7 RNA polymerase worm, by standard techniques (injection, shooting). Phenotypes can be 
analysed. With the hierarchical pool, the original clone can be found easily. 
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■ The same procedure can be performed with a mutant worm expressing the T7 RNA polymerase. Screening for 
enhanced, reduced or new phenotypes. 

- The procedure can be used to enable screening of compounds. Screening with either a wild-type strain or a mutant 
strain for enhanced or new phenotypes. 

- The DNA could be introduced in the worm by new methods. One of which is the delivery of DNA by E. coll. In this 
case the hierarchical pooled library is fed to the animal. To prevent digestion of the E. coli DNA in the gut of the 
nematode, preferentially a DNAse deficient C. eleganswitt be used, such as nuc-1 (e1392). This procedure would 
be one of the most interesting as it would be Independent of transformation efficiencies of other techniques, and 
generally faster and less labourious. 

2) Putative enhancements of the method. 



- A vector is designed, so that it harbors the sup-35 cDNAora part of this cDNA, cloned in between two T7 promoters. 
The rest of the vector is as described in Examples A) and B). This vector can be introduced into a pha-1ts mutant 
C. elegans. A temperature selection system exists In this case and only those worms which have taken up the 
DNA and express the double stranded sup-35 RNA will survive at restricted temperatures. The hierarchical pooled 
library can be delivered by any method described above. 

- The vector can be used to construct a library that is introduced in a T7 RNA polymerase expressing E. coli. In this 
case we have an analogous screening as in part A)with an additional screening for worms where the dsRNA of 
sup-35 Is active. 

- The DNA and or dsRNA of sup-35 could be delivered on a different plasmid. For the feeding, both DNA feeding 
(Example C) or dsRNA feeding Example A) and B), this means that the two plasmlds could be present in one 
bacterium, or that the worm is fed on a mixture of bacteria, one of which harbors the sup-35 construct. 

Example of the construction of a T7 RNA producing C. elegans 

[0047] To produce T7 RNA polymerase in the worm, several possibilities are possible. The T7 polymerase can be 
expressed under various promoters, being inducible promoters, constitutive promoters, general promoters and tissue 
(cell) specific promoters, or combinations of those. Examples of these promoters are the heatshock promoter hsp-16, 
the gut promoter ges 1 , the promoter from cet858, but also the promoter of dpy 7 and the promoter element GATA1 . 
In this example the T7 RNA polymerase Is expressed under the control of the hsp-1 6 promoter that Is available In the 
pPD49.78 vector. The T7 RNA polymerase is isolated as a PCR product using the primers of GN3 an GN4. 
[0048] The resulting PCR product is digested with Nhel and Ncol, as is the vector in which we want to clone, being 
the Fire vector pPD49.78. The resulting vector Is pGN1 00 illustrated in Figure 2 oGN3: CAT GGC AGG ATG AAC ACG 
ATT AAC ATC GC oGN4: ATG GCC CCA TGG TTA CGG GAA CGC GAA GTC CG pGN1 00 is included. 
[0049] The vector is introduced into the worm using standard techniques, such as micro injection, for example. 
[0050] The following strains were then constructed: 

- Wild-type (pGN1 00) 

- nuc-1 (e1392) (pGN100) 

- pha-1 (e2123)(pGN100) 
pha-1; nuc-1 (pGN1 00) 

[0051] All of these strains are able to produce T7 RNA polymerase when temperature induced or alternatively by 
metals such as application of heavy cadmium or mercury. The procedure for temperature induction is to shift the animal 
to a temperature of 30-33°C for at least one hour, then the animal can.be shifted back to standard temperatures 
(15-25°C). 

[0052] The wild type strain producing T7 RNA polymerase can be used for the production of any RNA In the worm. 
More specifically, the plasmids from the described libraries can be introduced in these worms, and phenotypes can be 
scored. 

[0053] The nuc-1 mutant worm will be used to introduce DNA via bacteria on which the worm feed. As the nuc-1 
worm does not digest the DNA, the plasmid DNA can cross the gut wall. If taken up by the cells that produce the T7 
RNA polymerase, dsRNA will be produced thus inhibiting the gene from which the RNA was transcribed. 
[0054] The pha-1 mutant strain that produced T7 RNA polymerase can be used to enhance the procedures as de- 
scribed above. DNA can be Introduced by shooting, micro Injection or feeding. More specifically this strain can be used 
for the vectors that produce dsRNA from sup-35 and from the gene of interest, the latter can be a PCR product, a 
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cDNA, or a library as described. 

[0055] The pha-1 ; nuc-1 mutant producing T7 RNA polymerase can be used for the bacterial delivery of the DNA. 
DNA will preferentially be the plasmid that produce dsRNA from both sup-35 and the gene of interest. The worm strain 
will preferentially produce the T7 RNA polymerase in the gut. Delivery will preferentially happen by feeding the worm 
s on bacteria harboring the plasmid. 

Application of the RNAi technology in plants 

[0056] Nematodes are responsible a large part of the damage inflicted on plants and more particularly to plants used 
io in the agricultural industry. The RNAi procedures according to the invention can be applied to plants to prevent these 
. parasitic nematodes from feeding longer. In a first step, a DNA fragment is isolated from the parasitic plant nematode 
that is critical for the animals survival or growth, .or to feed or to proliferate. Any gene from which the expression is 
essential is suitable for this purpose. 

[0057] A part of this gene, an exon or cDNA is cloned. This DNA fragment can be cloned under the influence of a 
is tissue specific promoter preferably a root specific promoter even more preferably between two root specific promoters. 
The DNA of the cloned gene under the control of the root specific promoter can be introduced in the plant of interest, 
using plant transgenic technology. For every parasitic nematode, a different piece of DNA may be required and likewise 
for every plant race, a different promoter will be needed. 

[0058] The root will produce RNA or dsRNA from the introduced piece of DNA when root specific promoter is utilised. 
2° As the nematode feeds on the plant, the RNA and/or dsRNA will be consumed or ingested by the nematode. The RNA 
and/or dsRNA can enter the cells of the nematode and perform its inhibitory action on this target DNA. Depending on 
the nature of the cloned DNA piece of worm, the nematode will not be able to survive, to eat, proliferate, etc In any 
case preventing the animal of feeding longer on the plant, and thus protecting the plant. 

25 Construction of a T7 RNA polymerase producing C. elegans 

[0059] To produce a T7 RNA polymerase or other RNA polymerases in animals, and more particularly in nematodes 
and most particularly in C. elegans, several possibilities can be envisaged. The T7 RNA polymerase can be expressed 
under various promoters. These promoters may be Inducible promoters, constitutive promoters, general promoters, 
30 tissue specific promoters, or combinations of those. 

Example 1: 

Construction of a basic vector for expression of T7 polymerase in C. elegans 

[0060] The T7 polymerase coding sequence was PCR amplified fromj. CE6 (Novagen, Madison, USA)using the 
primers oGN26(ATGGAATTCTTACGCGAACGCGAAGTCCG) and oGN46(CTCACCGGTAATGAACACGATTAA- 
CATCGC), using standard procedures (PCR, A practical A practical approach, 1993, Ed. J. McPherson, et al, IRL 
Press). The resulting DNA fragment encoding for the T7 RNA polymerase was digested with Agel and EcoRI and 

40 inserted into the Fire vector pPD97.82 digested with Agel and EcoRI. The resulting construct encodes for an open 
reading frame of T7 RNA polymerase in fusion with the SV40 large T antigen nuclear localization signal (NLS) with 
amino acid sequence MTAPKKKRKVPV. This nuclear localization signal sequence is required to translocate the T7 
RNA polymerase from the cytoplasm to the nucleus, where it Is able to bind to its specific promoters, designated T7 
promoters. Upstream of the coding sequence for the T7polymerasefusion protein is a minimal promoter (myo-2) pre- 

45 ceded by a multiple cloning site (MCS) In which several C. elegans promoters can be inserted. This plasmid (pGN105 
shown in Figure 11) is a basic T7 RNA polymerase plasmid which enables the expression of T7polymerase in C. 
elegans. Derivatives of this plasmid wherein promoters are cloned into the multiple cloning site, allow for the inducible, 
constitutive, general and tissue specific expression of T7 RNA polymerase in C. elegans, as expression will be regulated 
by the promoter cloned in the multiple cloning site. 

so [0061] Although not restricted to these examples, for the following promoters It Is known that they Induce expression 
in the following tissues. 

let-858 (ubiquitous expression), myo-2 (pharynx expression), myo-3 (body wall muscles), egl-1 5 (vulval muscles), unc- 
119 (pan-neuron). 

55 
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Example 2: p 

Construction of a vector for expression of T7 RNA polymerase In C. elegans muscle tissue. 

[0062] The T7 RNA polymerase coding sequence was PCR amplified from_X CE6 using the primers oGN43 
(GCCACCGGTGCGAGCTCATGAACACGATTAACATCGC) and oGN44 (CACTAGTGGGCCCT- 

TACGCGAACGCGAAGTCCG) digested with Agel/Spel and inserted in the pGK13 vector digested with Agel/Spel. 
(This vector contains the strong SERCA promoter which drives expression in the pharynx, the vulval muscle, the tail 
and the body wall muscle). A nuclear localization signal (NLS) of SV40 large T antigen was inserted in front of the T7 
polymerase coding sequence by insertion of two overlapping oligo's oGN45 (CCGGATGACTGCTCCAAAGAA- 
GAAGCGTAAGCT) and oGN46 (CTCACCGGTAATGAACACGATTAACATCGC) into the Sacl/Agel restriction sites. 
The resulting construct was called pGN108 as shown in Figure 10. Introduction of this plasmid into C. elegans results 
in the expression of T7 RNA polymerase in the pharynx, vulva muscle, tail and body wall muscles. 
[0063] To test expression and functionality of T7 RNA polymerase in C. elegans under the regulation of the SERCA 
promoter, pGN 1 08, which encodes the T7RN A polymerase under the control of the SERCA promoter was injected into 
C. elegans. A test vector was coinjected. This test vector encodes for GFP under the control of a T7 promoter (pGN401 
In Figure 1 3). The plasmid pGN401 was constructed by Inserting two overlapping oligo's oGN41 (CCCGGGATTAATAC- 
GACTCACTATA) and oGN42 (CCGGTATAGTGAGTCGTATTAATCCCGGGAGCT) in the Sacl/Agel opened Fire vector 
pPD97.82. generating a T7 promoter. Furthermore a selection marker was coinjected to select for transformants (rol6, 
pRF4). The latter selection vector pRF4 is well known to person skilled in the art. Transgenic F1 could easy be isolated 
as they display the rol 6 phenotype. These transgenic C. eiegans all expressed GFP in the pharynx, the vulval muscle, 
the tail and the body wall muscle. This data show clearly that theT7 RNA polymerase Is functionally expressed under 
the regulation of the SERCA promoter, and that the expressed T7 RNA polymerase binds to the T7 promoter present 
In pGN401 and Initiates transcription of the GFP gene, which Is then functionally expressed, resulting In fluorescence 
in the muscle tissues where SERCA is inducing the expression of the T7 RNA polymerase. 

Example 3: 

Construction of a vector f or ubiquitous expression of T7 polymerase In C. elegans 

[0064] The NLS-T7 RNA polymerase fusion gene was isolated from pGN108 with Xmal/Bsp1201 and cloned into 
the Fire vector pPD1 03.05 digested with Xmal/Bsp120I.This results in a vector wherein the T7 RNA polymerase is 
cloned under the regulation of the Iet858 promoter. This specific promoter enables the expression of T7 RNA polymer- 
ase In all tissues. The resulting plasmid was named pGN110 (Figure 14). 

Example 4: 

Construction of a vector for T7 RNA polymerase mediated expression of DNA fragments, genes, and cDNA's under 
the control of a T7 promoter. 

[0065] The Fire vector pPD97.82 was digested with Saci / Agel and a T7 promoter sequence was generated by 
insertion of two overlapping oligo's oGN41 (CCCGGGATTAATACGACTCACTATA) and oGN42 (CCGGTATAGT- 
GAGTCGTATTAATCCCGGGAGCT) into the Sacl/Age/restrlction endonudease sites. This construct (pGN400 Figure 
12) contains a GFP open reading frame cloned between Sad and EcoRI restriction endonudease sites under the 
regulation of the T7 promoter. Any gene, cDNA, or DNA fragment can be cloned in this vector by deleting the GFP 
gene as a Agel/ Saci fragment and cloning the DNA fragment of interest into the vector. Preferentially the DNA fragment 
of interest can be obtained by PCR amplification, inserting the Sacl/Afel sites in the primers. The resulting DNA fragment 
after PCR amplification is the digested and the GFP gene In pGN400 Is replaced by the amplified DNA fragment. Every 
vector that contains a T7 promoter could be used for the purpose of T7 RNA polymerase induced expression in C. 
elegans, such as the commercially available pGEM vectors and the pBluescript vectors. This is clearly shown by the 
pGN401 vector which expresses GFP under the regulation of the 17 promoter in a transgenic C. elegans which ex- 
presses T7 RNA polymerase. 

[0066] The use of pGN400 has the advantage that the vector includes a 3'UTR fragment from unc-54 which enhances 
the transcription or stability of the RNA. 

Generation of permanent, tissue specific "pseudo knock-out" RNAi C. elegans lines 

[0067] At present, gene knock outs in C. elegans are obtained after random, large scale mutagenesis and PCR base 
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sib-selecllon. This method is bulky, very time consuming and tedious. It has been described that introducing double 
stranded RNA into a cell results in potent and specific interference of expression of endogenous genes. In C. elegans 
gene expression can be down regulated by injection of RNA into the body cavity of the worm, soaking the worm in a 
solution containing dsRNA or feeding E. coli that express dsRNA corresponding to the gene of interest. C. elegans 
cells have the ability to take in dsRNA from their extracellular environment. It has been reported that mRNA is the 
target of this ds RNA mediated genetic interference (Montgomery and Fire 1 998). It is also suggested that the targeted 
RNA is degraded in the nucleus before translation can occur. Although the RNAi mediated reduction of gene expression 
can be passed on to the next generations, heritablllty is poor and the effect is rapidly lost during further offspring. This 
is probably due to a continued decrease of the dsRNA pool. We propose here a method to construct C. elegans lines 
with a permanent, inheritable, RNAi phenotype. The method encompasses the generation of transgenic C. elegans 
lines by introducing plasmids containing cDNA fragments of the target gene in the sense and antisense orientation 
under control of a worm promoter or by transcription of an inverted repeat of the cDNA from a single construct. Alter- 
natively, ds RNA can be transcribed from a vector harboring a cDNA flanked by two T7 promoters in a C. elegans strain 
that expresses T7 polymerase. The result is a transgenic worm with an heritable stable "pseudo knock-out" phenotype. 
The expression of the cDNA or the T7 polymerase can be general and constitutive but could also be regulated under 
a tissue specific promoter. In contrast to RNAi induced by external ds RNAi (injected, soaked orfeeded) this method 
would enable to obtain conditional, tissue specific Inhibition of gene expression. 

Inhibition of unc-22 expression by RNA interference results In a "twitching" phenotype. 

[0068] Unc 22 cDNA (exon 22) was cloned in sense and antisense orientation in pPD1 03.05. (A. Fire nr L2865) 
containing the let 858 promoter that Is capable of expressing RNA sequences in all tissues. The resulting plasmids 
were named pGN205 (Figure 19a) and pQN207 (Figure 19 b). These constructs were introduced into C. elegans 
together with a selectable marker (rol-6; GFP). Transgenic F1 Individuals (expressing rol-6 or GFP) showed a "twitching" 
phenotype indicating that RNAi could be mediated by endogenous transcription of RNA from transgenic DNA. The 
RNAi phenotype co-segregated with the selectable marker Into further offspring. This resulted in the generation of C. 
elegans lines with permanent RNAi phenotype. 

Generation of stable lines T7 RNA polymerase lines and generation of dual transgenic worms. 

[0069] An expression system In C. elegans based on an exogenous RNA polymerase demands two plasmids. One 
is encoded for the RNA polymerase under the control of a specific promoter, while the other plasmid encodes for the 
DNA fragment to be expressed, underthe regulation of theT7 promoter. In the case of semi stable RNAi also designated 
pseudo stable knockouts, the DNA of interest is cloned between two T7 promoters so that dsRNA can be produced. 
[0070] As the T7 RNA polymerase expression system is known to be a high expression system this will result in 
problems to generate dually transgenic animals. If the gene to be expressed in the C. elegans nematode is toxic, this 
will result in lethal effects and hence in the construction of a C. elegans without highly regulated stable expression of 
the gene of interest. If the gene of Interest Is essential for the survival of the organism, RNAI with a DNA fragment from 
this gene will also result in lethal effects, so that pseudo- stable knockouts are not possible. 

[0071] To overcome this problem the present inventors have designed a system consisting of two transgenic animals. 
The first animal Is transgenic for the T7 RNA polymerase, This T7 RNA polymerase can be expressed in all cells or 
specific cells or tissues as has been shown in previous examples. The second transgenic animal is transgenic for the 
DNA fragment of Interest. This can be a gene or cDNA linked to a T7 promoter, or if one wants to perform RNAI a DNA 
fragment of such gene cloned between two T7 promoters. 

[0072] Both transgenic animals are viable and do not show any aberrant phenotypes. This Is because the T7RNA 
polymerase expressed in the first transgenic organism is not toxic for the organism, even if expressed at relative high 
levels. In the second transgenic organism, the gene of interest is not expressed or the dsRNA is not produced as these 
transgenic animals do not contain the T7 RNA polymerase. 

[0073] Expression of the gene or cDNA of interest or RNAi with a DNA fragment can now be obtained by mating the 
two transgenic animals. The offspring of these are dually transgenic and express the gene of Interest or express dsRNa 
of the DNA fragment of interest. To generate sufficient males in such a mating, one of the transgenic animals males 
can be a C. elegans mutant with a phenotype favouring generation of males. An Example of such a mutant Is him-5. 
Preferentially such a mutant will be used to make a C. elegans transgenic for T7 RNA polymerase, while the hermaph- 
rodite harbors the DNA fragment under the regulation of the T7 promoter. 

[0074] To select efficiently for the dual transgenic offspring a second transgene can be introduced in the second 
transgenic animal. This transgene contains a reporter gene under the regulation of the T7 promoter. The reporter gene 
can be GFP, luciferase, Beta galmactosidase, or beta-lactamase. an example of such a ttransgene are the vectors 
pGN400 and pGN401 . 
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[0075] To obtain inducible, tissue specific expression of a transgene in C. elegans we can make male stock (i.e. him- 
5) carrying the T7 polymerase construct under the control of different C. elegans promoters that enable tissue specific 
expression such as). This males can be crossed with hermaphrodites carrying the gene of interest under the control 
of a T7'promoter. 

[0076] Furthermore, the transgenes can be integrated into the genome of the animal. Methods to generate stable 
integration of a plasmid into the genome of the animal have been described (Methods in cell biology, Vol. 48, 1995, 
ed. by epstein and Shakes, academic press) and involve radiation of the animal. 

This can be done for both animals animals, but preferentially, the animals expressing the T7 RNA polymerase are 
subject to such traetment. This result in a collection of C. elegans nematodes that stably express T7 RNA polymerase 
under the control of various promoters, examples of such promoters are the myo-2 (pharynx expression), myo-3 (body 
wall muscles), egl-15 (vulval muscles), unc-119 (pan-neuron), SERCA (muscles), Iet858 (all cells) ges-1 (gut). 

Construction of RNAi T7 promoter yeast two hybrid vectors 

PGAD424 with forward and reverse T7/T3 and or Sp6 

[0077] In most two-hybrid experiments a cDNA library is cloned In plasmid pGAD424 (Figure 1 6) which has been 
engineered with additional restriction sites in the polylinkersuch as a Ncol site (Clontech). This library allows forscreen- 
Ing of binding proteins In a yeast two hybrid experiment. We constructed a new yeast two hybrid vector with the same 
possibilities to perform yeast two hybrid, but which contain two addditional T7 promoters, so that the vector can be 
used for T7 RNA polymerase induced pseudo-stable knock-outs. For this we inserted a forward T7 by using a T7- 
llnker (consisting of the following primers aattcttaatacgactcactatagggcc and catgggccctatagtgagtcgtattaag) Into the 
EcoRI-Ncol site of pGAD424. The resulting vector was designated pGAD424-without-FULL-ICE-both-T7. Care was . 
taken to eliminate stop codons and using maximal polylinker compatible amino acids. We adopted the same strategy 
for the reverse T7 (consisting of both primers gatccgtcgacagatctccctatagtgagtcgtattactgca and gtaatacgactcactatag- 
ggagatctgtcgacg) with BamH1 and Pst1 . To avoid loss of Sail, we included this site in.the primer. 
[0078] The Sail site is important as most libraries are cloned in this site, adapters are available. This makes the 
newly constructed vector compatible with existing vectors. 

pAS2 with with forward and reverse T7H"3 and or Sp6 

[0079] An analogous yeasttwo hybrid vector was constructed based on pAS2 (Clontech). By partial EcoRV digestion 
we were able to remove a significant part of the cyh2 gene. The right construct can be isolated and checked by a 
restriction digest with Bglll. this restriction site is present in the EcoRV fragment of PAS2 to be eliminated. This ellmates 
the cyh2 gene which is slightly toxic gene and involved in growth retardation. This gene is non-essential for the per- 
forming of RNAI and Yeast two hybrid experiments. After the elimination of the EcoRV fragment, The EcoRI restriction 
site which is located between the DNA sequence encoding for GAL4DB and HA (epitope) becomes unique for the 
plasmid, and can be used to subsitute HA with aT7 promoter containing linker. This ensures persistence of all restriction 
sites, allowing both in frame cloning and compatibility with previous vectors and pGAD424. We used the following linker 
(primers: aattcttaatacgactcactatagggca and tatgccctatagtgagtcgtattaag) using Ecorl and Nde1 cloning sites. We adopt- 
ed the same strategy for the reverse T7 (primers: 



catgggccctatagtgagtcgtattaag and 

gtaatacgactcactatagggagatctgtcgacg) with BamH1 and Pst1. To avoid loss of Sail we included it in the primer.The 
resulting vector was designated pAS2-cyh2-HA+both T7-final. 

[0080] Having the T7 promoter (or alternatively the T3, or SP6 promoter) in pGAD424 allows to go quickly from 
interacting protein to RNAi and assigning function to the isolated DNA fragment. An additional advantage is the ability 
to make by in vitro transcription coupled to In vitro translation (There is an ATG in frame with either GAL4DB or GAL4AD) 
labeled protein which can be used for in vitro controls (e.g. pull down assays) of the actual protein-protein interaction. 
[0081] The sequences of the plasmids produced and the SPB and T3 polymerase are identified in the Sequence 
Listing provided below: 
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SP6DNA-dependentRNA polymerase: SEQUENCE ID NO. 1 



swissprot accesion number P06221 



protein sequence: 



1 mqdlhaiqlq leeemfnggi rrfeadqqrq iaagsesdta wnrrllseli apmaegiqay 
61 keeyegkkgr apralaflqc venevaayit mkvvmdmlnt datlqaiams vaeriedqvr 
121 fskleghaak yfekvkkslk asrtksyrha hnvavvaeks vaekdadfdr weawpketql 
181 qigttlleil egsvfyngep vfmramrtyg gktiyylqts esvgqwisaf kehvaqlspa 
241 yapcvipprp wrtpfnggfh tekvasrirl vkgnrehvrk ltqkqmpkvy kainalqntq 
301 wqinkdvlav ieevirldlg ygvpsfkpli dkenkpanpv pvefqhlrgr elkemlspeq 
361 wqqfinwkge carlytaetk rgaksaavvr mvgqarkysa fesiyfvyam dsrsrvyvqs 
421 atlspqsndl gkallrfteg rpvngvealk wfcinganlw gwdkktfdvr vsnvideefq 
481 dmcrdiaadp ltftqwakad apyeflawcf eyaqyldlvd egradefrth lpvhqdgscs 
541 giqhysamlr devgakavnl kpsdapqdiy gavaqvvikk nalymdadda ttftsgsvtl 
601 sgtelramas awdsigitrs ltkkpvmtlp ygstrltcre avidyivdle ekeaqkavae 
661 grtankvhpf eddrqdyltp gaaynymtal iwpsi3evvk apivamkmir qlarfaakrn 
721 eglmytlptg fileqkimat emlrvrtclm gdikmslqve tdivdeaamm gaaaphfvhg 
781 hdashliltv celvdkgvts iavihdsfgt hadntltlrv alkgqravamy idgnalqkll 
841 eehevrwmvd tgievpeqge fdlneimdse yvfa 



T3 DNA dependert KNA polymerase: SEQUENCE ID NO. 2 



swissprot accession number P07659 



protein sequence: 



1 raniieniekn dfseielaai pfntladhyg salakeqlal ehesyelger rflkmlerqa 
61 kageladnaa akpllatllp klttrivewl eeyaskkgrk psayaplqll kpeasafitl 
121 kvilasltst nmttiqaaag mlgkaiedea rfgrirdlea khfkkhveeq Inkrhgqvyk 
181 kafmqvvead migrgllgge awsswdkett mhvgirliem liestglvel qrhnagnags 
241 dhealqlaqe yvdvlakrag alagispmfq pcvvppkpwv aitgggywan grrplalvrt 
301 hskkglmrye dvyrapevyka vnlaqntawk inkkvlavvn eivnwkncpv adipslerqe 
361 lppkpddidt neaalkewkk aaagiyrldk arvsrrisle fmleqankfa skkaiwfpyn 
421 mdwrgrvyav pmfnpqgndm tkglltlakg kpigeegfyw lkihgancag vdkvpfperi 
481 afiekhvddi lacakdpinn twwaeqdspf cflafcfeya gvthhglsyn cslplafdgs 
541 csgiqhfsam lrdevggrav nllpsetvqd iygivaqkvn eilkqdaing tpnemitvtd 
601 kdtgeisekl klgtstlaqq wlaygvtrsv tkravmtlay gskefgfrqq vlddtiqpai 
661 dsgkglmftq pnqaagymak liwdavsvtv vaaveamnwl ksaakllaae vkdkktkeil 
721 rhrcavhwtt pdgfpvwqey rkplqkrldro iflgqfrlqp tintlkdsgi dahkqesgia 
781 pnfvhsqdgs hlrmtvvyah ekygiesfal ihdsfgtipa dagklfkavr etmvityenn 
841 dvladfysqf adqlhetqld kmpplpkkgn lnlqdilksd fafa 
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SEQUENCE ID NO. 3 



cctgatcttcttcttcttcttctctcctgctctcg 
attttcagataaaaccaaactacttgggttacagccglcaacagatccccg^gattggccaaaggacccaaaggtatgtttcgaatgatactaacataa 
catagaacatttteaggaggacccttgcttggagggtaccggatgaclgctccaaagaagaagcglaagcteatgaacacgattaacatcgctaagaa 




:gtcctctggcgctggtgcgtactcacagtaagaaagc 
actgatgcgctacgaagacgtttacatgcctgaggtgtacaaagcgattaacattgcgcaaaacaccgcatggaaaatcaacaagaaagtcctagcg 
gtcgceaacgtaatcaccaagtggaagcattgtceggtcgaggacatccctgcgattgagcgtgaagaactcccgalgaaaccggaagacalcgac 
atgaatcctgaggctacaccgcgiggaaacgtgctgccgctgctgtgtaccgcaagacaaggctcgcaagtctcgccgtatcagccttgag 
cttgagcaagccaataagtttgtfaaccaUagg«atctggttc«ttacaacatggactggcgc 



'gcg 



gagaacactggigaaatctctgagaaagtcaagctgggcactaaggcactggctggtcaatggctggcttacggtgttaetcgcagtgtgactaagc 
gttcagtcatgacgctggcttacgggtccaaagagttcggcttccgtcaa^^ 

tggcttaagtctgctgctaagctgctggctgctgaggtcaaagataa^ 

gatggtttccctgtgtggcaggaatacaagaagcctattcagacgcgcttgaacctgalgttgctcggtcagttccgcttacagcctaccattaacacca 
acaaagatagcgagangatgcacacaaacaggagtetggtatcgctcctaactttgtacacagccaagacggtagccaccttcgtaagactgtaglg 
tgggcacacgagaagtacggaatcgaatetntgcactgatteacgactccncggtaccattccggctgacgctgcgaacctgttcaaagcagtgcgc 
gaaactatggngacacatatgagtcttgtgatgtactggctgamctacgaccagttcgctgaceagttgcacgagtctcaattggacaaaatgccagc 
acttccggctaaaggtaacttgaacctccgtgacatetugagtcggacttcgcgttegcgtaagggcccactagtcggccgtacgggccctttcgtct 




actcggtcgccgcatacactaltctcagaatgacttggttgagtactcaccagteacagaaaagcatcmcggatggcatgacaguagagaattatg 
(Mgtgctgccataaccatgagtgalaacactgcggccaacttacttctgacaacgateggaggaccgaaggagctaacegcttttttgcacaacatgg 



tgcgctcggcccttccggctggctggWattgctgataaatotggagccggtgagcgtgggtctegcggatcat^cagcactggggccagatg^ 
aagcectcccgtatcgtagtUtcUicacgacggggagteaggcaactatggatgaacgaaatagacagatcgclgagataggtgcctcactgattaa 
gcattggtaactgteagaccaagttuacatatatactttagattgamaaa^^ 

tgaccaaaateccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttmtctgcgcgt^ 
«gcttgcaaacaaaaaaaccaccg(^ccagcggtggragmgecggatcaagagctaccaactcmttccgaaggtaactggcttcagcagagc 
gcagatoccaaatactgtccttctagtgmgccgttgttaggccaccactteaagaactctgtegcaccgcctecatacctcgctctgctaatcctgttac 
cagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggalaaggcgcagcggtcgggctgaacggggg 
gttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaaggg 
agaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcnccagggggaaacgcctggtatetttatagtc 
*" gcggagcctotggaaaaacgccagcaacgcggcctttttac 



;cagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccecgcgcgttggccg 
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ttccttcWgacttctctcmccgccaaaaagcctagcatttttattgataatttgattacacacactcagagttcttcgacatgataaagtgtttcattggcac 
tcgccctaacagtacatgacaagggcggattattatcgatcgatattgaagacaaactccaaatgtgtgctcattttggagccccgtgtggggcagctg 

cgatteattgacteccatattecttgatgaaggtgtgggttraagctttttt^ 
gagccgaaaaaacatccgtagtaagtcttccttttaagccgacactttttagro 

mcaaUtLUttaamctaaataggcaaaagttmtcaagaactctagaaaaacUgcttaattcatgggtacUgaaaaattcttgttttaaatttaatatto 
tcttaagatgtaanacgagaagctmngaaaanctcaattaaaagaatttgccgattiagaataaaagtcttcagaaatgagtaaaagctcaaattaga 



cggctettcacaccgtgcttcctctcacttgacccaacaggaaaaaaaaacatcacgtctgagacgglgaattgccttatcaagagcgtcgtctctttca 
cccagteacaaaaaaaamggtttcmactttatatttatgtaggtcacaaaaaaaaagtgatgcagtlttgtgggtcggttgtetccacaccacctccgc 
ctccagcagcacacaatcatcttcgtgtgttctegacgattccttgtatgccgcggtcgtgaatgcaccacattcgacgcgcaactacacaccacactc 
acmcggtggtattactacacgtcatcgttgttegtagtctcccgctcmcgtccw^ 

caccactcctgacgtttctaccttcttgtmccgtccatttagattttatctggaaatttttttaaaattttaggccagagagttctagttcttgttctaaaagto 
ggtcagacatacattRctatttctcatcaaaaaaaaagRgataaagaaaactggttattcagaaagagtgtgtctcgttgaaattgattcaaaaaaaaatt 
cccacccctcgcttgmcteaaaatatgagat<^cggattttttccttctcgattcaatttmgrtgcgctctgtctgccaaagtgtgtg 
agatgagagaatmcaaacagaaatgaaaaaaagttggccaaataatgaagttttatccgagattgatgggaaagatattaatgttctttac^ 

ttctagtgtttaatttccgcataattggacctaaaatgggttragtcatcatm^^ 
cacgaaatatatggtaaWcccgmtattgagggtctagccacgatttcagtcacagtggccagg 

ttccggaaaaccgaatcaaattagtttragtcatcatmgaacaaaaaatcgagacatcMtatagtttcgcaattttcgtcgcttttctctccaaaaatga 
cagtctagaattaaaattcgctggaactgggaccatgatatcttttctccccgttntcattttattttttattacactggattgactaaaggtcaccaccaccg 
ccaglgtgtgccatatcacacacacacacacacacaatgtcgagattttatgtgttatccctgcttgamcgttccgttgtctctctctetctattcatc 
agccgagaagctccagagaatggag 
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PQN105: 



SEQUENCE ID NO. 4 



aagcttgcatgcctgcaggccttggtegactctag^^ 

gaagggctcBCcgaaaaatcaaagttatctccaggctcgcgcatcccaccgagcggngacttctctccaccacttttcattttaacccteggggtacg 

ggattggcc^aggacccaaaggtatgtttcgaa^iactaacataacatogaacatmcaggaggacccttgctfggagggiaccgagctcagaa 

aaaatgactgctccaaagaagaagcgtaaggtaccggtaatgaacacgattaacatcgctaagaacgacttctctgacategaactggcte^^ 

gtteaacactetggctgaccattacggtgagcgtttogctegcg^^ 

gatgtttgagcgtcaacttaaagctggtgaggttgcggataacgc^gcmgcctctcatctt^^ 

cgactggtttgaggaagtgaaagctaagcgcggcaagcgcccgacagccttccagttcctgcaagaaatcaagccggaagccgtagcgtacatca 
sactetggcttgcc 



cttcggtcgtatccgtgaccttgaagctaagcacttcaaga 



igcaagcgcaatcggtcgggccattgaggacgaggctcg 



gcatcgagatgctcangagtcaaccggaafggttagcttacaccgccaaaatgctggcgtagtaggtcaagactctgagactatcgaactcgcacct 
gaatacgctgaggctatagcaacccgtgcaggtgcgctggctggcatctctc^^ 

a«ggtggtggctattgggctaacggtcgtegtcctcJggcgciggtgcgtactcacagtaagaaageactgatgegctacgaagacgmacatgw 
«aggtgtacaaagcga^attgcgcaaaacaccgeatggaaaatcaac^ 

«gtccggtcgaggacatccctgcgatlgagcgtgaagaactcccgatgaaaccggaagacategaca»gaatcctgaggctctcaccgcgtgg 

cgtgctgccgctgctgtgtaccgcaaggacagggctcgcaagtetegccgteteagccngagncatgcttgagca^^ 

Mgg«atctggttcccttacaacatggactggcgcggtcgtgttta^ 

acgctggcgaaaggtaaaecaatcggtaaggaaggttactactggctgaaaatecaeggtgcaaactgtgcgggtgtcgataaggttccg^ 
agtgcatoagttcangaggaaaaccacgagaacatcatggcttgcgctaagtctccactggagaacacnggtgggctgagcaagattctccgtte 

cagcwtte^^^ 

aaagtcaacgagattctacaagcagacg^tcaaJgggaccgato^ 



caaagagttoggcttccgtcaacaagtgctggaagataccattcagccagctattgattccggcaagggtccgatgttcactcagccgaatcagge^ 

ctggatacatggctaagetgatttgggaatctgtgagcgtgacggtggtagctgcggttgaageaatgaactggcttaagtctgcigctaagctgctgg 

ctgctgaggfcaaagafaagaagactggagagattcttogcaagcgngcgctgtgcattgggiaactcctgatggttteccfgt^ 

agaagcclattcagacgcgcttgaac<^atgttcctcggtcagKccgcttacagcctaccattaacaccaacaaagatagcgagaBga^cacaca 

aacaggagtctggtatcgctcctaactttgtacacagccaagacg^ 

atcttttgcacigattcacgactccttcggtaccattccggctgacgctgcgaacctgttcaaagcagtgcgcgaaactatggttgacacatatgagtctt 
gtgatgtacfggctgamctacgaccagttcgc^accagttgcacgagtctcaattggaeaaaatgccagcacttccggctaaaggtaacttgaacct 
ccgtgacatcttagagtcggacttcgcgttcgcgmagaattccaactgagcgccggtcgctaccattaccaacttgtctggtgtcaaaaataataggg 

ECff»Ks ra «* a «h„r 1 ,„*„,, t .„*„, , .. - 'gcccgtgcctetgacttctaagtccaatt 

itttctttgtttttTagcttcttttaagtca 



actcttcaacatccctacat 
cctctaacaatgaaattgtgtagattcaaaaataga 



gctcatcgtgaaaaagtmggagtatttttggaattttt 



aagttgataatttgaaagtggagta 
actgmcctactagtcggccgtacgggccctttcgtetcgcgcg 
Jgcagacaagcccgtca 



tttcggtgatgacggtgaaaacctctgacac 
ggg<^gtcagcgggtgttggcgggtgtcggggctggtftaa^^ 
ccgcacagatgcgtaaggagaaaataccgcatcaggcggcctlaagggcctcgtgatacgcctamttataggttaatgtcatgataataatg 
agacgtcaggtggcactttteggggaaatgtgcgcggaacccctattt^ 
SataaatgctteaataataKgaaaaaggaagagtatgagtattraacamccgtgtcgccct^ 
cccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggnacatcgaactggaictcaacagcggtaag 



"gcgcaaaciaraaciggcgaactacitactcragcttcccggcaacaattaata^ 

cggcccttccggctggctggtttaRgctgatmtctggagccggtgagcgtgggtctegcggtatcattgcagcactggggccagatggtaagctx 
teccgtategtagttatetacacgacggggaglcaggeaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattg 
gtaactgtcagaccaagmctoatatatacttUgattgaWaaaacttcatttttaatttaaaaggatctoggtgaagatccW%ataatctca^ 
aaatcccttaacgtgagttttcgttccactgagcgteagaccccgtagaaaagat^ 

gcaaacaaaaaaaccaccgctaceagcggtggtttgmgceggatcaagagetaccaactctmtccgaaggtaactggcttcagcagagcgcaga 
laccaaatactgtecttctagtgtagccgtagttoggccaccactt^ 
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ctggccttttgctggccttttgcteacatgttctttcctgcgttatcccetgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccg 
cagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattca 
ttaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattaggcaccccaggctt 



tacactttatgcttccggctcgtatgttgtgtggaartgtgagcggataacaatttcacacaggaaacagetatgaccatgattacgccaagctgtaagttt 
aaacatgatcttactaactaactattctcatttaaattttcagagcttaaaaatggctgaaatcactcacaacgatggatacgct^ 
at 
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SEQUENCE ID NO. 5 



gtaagttteaacatatatatactaactaaccctgattawm^^ 

gtaagtttaaacagttcggtactaactaaccatacatatttaaattttcaggtgctgaagtcaagtttgaaggtgatacccttgttaatagaatcgagttaaa 
aggtattgattttaaagaagatggaaacattcttggacacaaanggaatacaactataactcacacaatgtaucatcatggcagacaaacaaaagaat 
ggaatcaaagttgtaagtttaaacatgattttactaactaactaatctgatttaaattttcagaacttcaaaattagawcaacattgaagatggaagcgttca 
actagcagaccattatcaacaaaatoctccaattggcgatggccctgtccttttaccagacaaccattacctgtccacacaatctgccctttcgaaagatc 
ccaacgaaaagagagaccacatggtccttcttgagtttgtaacagctgctgggattacacatggcatggatgaactatacaaatagcattcgtagaattc 
caactgagcgccggtcgciaccattaccaacttgtctggtgtcaaaaataataggggccgctgtcatcagagtaagtttaaactgagttetactaactaa 
cgagtaatomaaamtcagcatctegcgcccgtgcctetgacttctaagtccaatt^^^ 

igcttcttttaagtcacctctaacaatgaaattgtgtagattcaaaaatagaattaattcg 

aattgtgctccctccccccattaataataattctatcccaaaatctacacaatgttctgtgtacacttcttatgttttttttacttctg 



latttttatttcttcgcacgtctgggc 
aaattaattttcctgcttttgctttttg 



ggggtttcccctat 



ntgggmgaggctcagtggaaggtgagfegaagttgataamgmgtggagtagtgtctatggggt^ 

ataccaaacataactgtttcctactagtcggccgtacgggccctttcgtctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccg 

actatgcggcatcagagcagartgtactgagagtgcaccatatgcggtgtgaaateccgcacagatgcgtaaggagaaaataccgcatcag 
cttaagggcctcgtgatacgcctatttttataggttaatgteatgamtaatggttte 

cctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtatt 



jatgagcacmtaaa 

gttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcBgtcgccgcatacactattctcagaatgacttggttgagtactcac 
caacgatcggaggaccgaaj 

cataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgt 
aacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctggagcc^ 
gtgagcgtgggtetcgcggtatcattgcagcactggggccagatggtaagccctcccgtatcgtagttatctacacgacggggagtcaggcaactat 

acttcatttttaatttaaaaggatctaggtgaagatccttmgataatcteatgaccaaaatcccttaacgtgaglmcgttccactgagcgte^ 

"" - • waaccaccgctaccagcggtggtttgtttgccgg 



caagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactca 



aggggggcggagcctotggaaaaacgccagcaacgcggcctttttac^ 



cggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggc 
agtgagcgcaacgcaattaatgtgagnagcteactcattaggcaccccaggctmcacmatgcttccggctcgtatgttgtgtggaattgtgag 
ataacaatttcacacaggaaacagctatgaccatgattacgccaagctgtaagtttaaacatgatcttactaactaactettctcatttaaattttcagagctt 
aaaaatggctgaaatcactcacaacgatggatacgctaacaacttggaaatgaaat 
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SEQUENCE ID NO. 6 



catctctcgagmrtccgcctgltactccctgccgaacctgaamcccgttgtcgtaaagagatgtttttattttactttacaccgggtcctctctctctgcc 
agcacagctcagtgttggctgtgtgctcgggctcctgccaccggcggcctcatcttcttcttcRcttctctectgctctc] 
attecttttcatcatcaaactagca 



atgagtaaaggagaagaacttttcactggagttgtcccaattettgttgaattagatggtgatgttaatgggcacaaattttctgtcagtggagagggtga 

gattetttaaatmcagccaacacttgtcactactttctgttatggtgttcaatgcttctcgagatacccagatcatatgaaacggcatgactttttcaagagt 
gccatgcccgaaggttatgtacaggaaagaactatatttttcaaagatgacgggaactacaagacacgtaagtttaaacagttcggtactaactaaccat 



atggcagacaaacaaaagaatggaatcaaagttgtaagtttaaacttggacttac 
aaaatactccaa 

ttggcgatggccctgtcctittaccagacaaccattacctgtccacacaatctgccctttcgaaagatcccaacgaaaagagagaccacatggtccttct 
tgagmgtaacagctgctgggattacacatggcatggatgaactatacaaatagcattcgtagaattccaactgagcgccggtcgctaccattaccaac 
ttgtctggtgteaaaaataataggggccgctgtcatcagagtaagtttaaactgag 

gtgcctc^acttctaagtccaattacttttcaacatcccmca^ctcmctccctgtgctcccaccccctattmgttattatcaaaaaaacttcttcttaatt 
tcmgttttttegcttcttttaagtcacctctaacaatgaaattgtgtagate^ . 
ccccattaataataattctatcccaaaatctacaraatgttctgtgtacacttcttatgttttttttacttctgataaattttttrtgaaacatcatagaaaaaaccg 
cacacaaaataccttetcatatgttacgmcagtttatgaccgcaatttttatttctt^ 
aagtmggagtattmggiiattmcaatcaagtgaaagmatgaaattaa^^ 

gacggcgtttttcttgctaaaatcacaagtattgatgagcacgatgcaagaaagatcggaagaaggmgggtttgaggctcagtggaaggtgaglag 
aagngataamgaaagtggagtagtgtctatggggttmgccttaaatgacagaatacattcccaatataccaaacataactgtttcctactagtcggcc 



caggggata 

gacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccctcgtg 
cgctctcctgttccgaccctgccgcnaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcag 
ttcggtgtaggtcgrtcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtettgagtccaa 
cccggtaagacacgactutcgccactggcagcagccactggtaacagganagcagagcgaggtatgtaggcggtgctacagagRcttgaagtg 
gtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatccgg 
caaacaaaccaccgctggtagcggtggtttttttgfflgcaageagcagatocgcgcagaaaaaaag^ 

gggtctgacgctcagtggaacgaaaactcacgtaagggatmggteatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaag 
ttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccat 
agttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgateccgcgagacccacgctcaccg 
gctecagatttatcagcaataaaccagccagccggBagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgc 



attcagctccggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagt 
aagttggccgcagtgttatcactcatggttatggcagcactgcataattctc^ 

ccaagtcaRctgagaataglgtatgcggcgaccgagttgctcngcccggcgtcaatacgggataataccgcgccacatagcagaactttaaaagtg 

ctcatcauggaaaacgttctfcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttc 

agcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaata 

ctcatactattccttttteaatat&ttgaagcamatcagggttattgtcte^ 

cgcgcacamccccgaaaagtgccaccmattgtaagcgmatattttgttaaaattcgcgteaat^ 

cgaaatcggcaaaatcccttataaatcaaaagaategaccgagatagggttgagtgttgttccaglttggaacaagagtccactattaaagaacgtgga 
ctccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaagttttttggggtcgaggtgccgtaaa 
gcactaaatcggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaa 
aggagcgggcgctagggcgctggcaagtgugcggtcacgctgcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtc 
ccattcgccattcaggctgcgcaactgttgggaagggcgatcggtgcgggcctcttcgctattacgccagctggcgaaagggggatgtgctgcaag 



gagctccaccgcggtggcggccgctctagaactagtg 
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SEQUENCE ID NO. 7 
latgggcgaaaaaatgaaattgagctttttgggtcgaaaa 



tgaatctetttgaagtatactglcgaaaagactgacttgagogttcgaaatgccagaagaaaactatatttgaatctcgcgctaaaagagaaatgcaacc 
gcgctccactggacaattggaaaaaaaatttattcggaggcgacaacggtattttcgaaattgattttctgtgtattttcU 



taacgctgccgccaagcctctcatcacUccctactccctaagatgaQgcacgcatcaacgactggtttgaggaagtgaaagctaagcgcggcaag 
cgcccgacagccttccagttcctgcaagaaatcaagccggaagccgtagcgtacatcaccattaagaccactctggcttgccUaccagtgctgaca 
atacaaccgttcaggctgtagcaagcgcaatcggtcgggccattgaggacgaggctcgcttcggtcgtatccgtgaccngaagctaagcacttcaa 
gaaaaacgttgaggaacaactcaacaagcgcgtagggcacgtctacaagaaagcatttatgcaagttgtcgaggctgacatgctctctaagggtota 
cteggtggcgaggcgtggtcttcgtggcataaggaagactctettcatgtaggagtacgctg^ 

cttacaccgccaaaatgctggcgUgtaggtcaagactctgagacmtcgaactcgcacctgaatacgctgaggctategcaacccgtgcaggtg^ 



gcatggaaaatcaacaagaaagtcctagcggtegccaacgtaatcaccaagtggaagcattgtccggtcgaggacatecctgcgaKgagcgtgaa 
gaactcccgatgaaaccggaagacatcgacatgaatcctgaggctctcaccgcgtggaaacgtgctgccgctgctgtgtaccgcaagacaaggctc 
gcaagtetegecgtatcagccttgagttcatgcttgagcaagccaataagtttgctaaccataaggccatctggttcccttacaacatggactggcgcg 



accacggcctgagctataactgctcccttccgetggcgmgaegggtcttgctctggcatccagcacilcteegcga^ctccgagatgaggtaggig 

gtcgcgcggttaacttgcttcctagtgaaaccgttcaggacatctacgggattgttgctaagaaagtcaacgagartctgcaagcagacgca^ 

ggaccgaUacgaagtagttaccgtgaccgatgagaacactgglgaaatctctgagaaagtoaagctgggeactaaggcactggctggtcaatggct 

ggcttacggtgttactcgcagtg^gactaagcgttcagtcatgacgctggcttacgggtccaaagagttcggcttccgtcaacaaglgctggaagatac 

cattcagccagcartgatuxgg<aagggtctgatgticactcagccgaateaggctgctggatacatggetaagctgamgggaatccgtgagcgt 

gacggtggtagctgcggttgaagcaatgaactggcttaagtctgctgctaagctgctggctgctgaggtcaaagataagaagactggagagattcttc 

tcagttccgctiacagcctaccattaacaccaacaaagatagcgagattgatgcacacaaacaggagtatggtatcgctcctaactttgtacacagcca 
agacggttgccaccttcgtaagactgtagtgtgggcacacgagaagtacggaatcgaatcttttgcactgattcacgactccttcggtaccattccggc 
tgacgctgcgaacctgttcaaagcagtgcgcgaaactatggttgacacatatgagtctt^^ 
ttgcacgagtctcaattggacaaaatgccagcacttccggcttaaggtaacttgaacctccgtgM^ 



gtttgtcaaaag<^tectgcgattaattclcatttcaatttttcagagaatcagagtctcctgaaaaatcxccggttcgttcaagatctcccagaaggtcttca 

gcacgtteccegtcacgatetcctagacggcgccgagaaagaagctcagaaagaaageaatccgaagagccagcaccgctaccagagaaaaaga 

agaaagagccgctggatattctacgaacaagaaccggaggagcatatattccacccgccaaacttcgacttatgcaacaacagattagtgataagca 

aagtgaacagtateagagaatgaattgggaaagaatgaagaaaaagattcaeggattggttaacagagtcaacgcgaagaatcttgttcaaattgtca 

gagaacttcttcaagagaatgtgattcgttcaaagtgagtgagaaaatcgaaggaaaaggaaagaattaatttaattttt^ 

acattancaagctcaggcffictcaccaggattetotaacgtctetgcagcmggcggcagmtcaactcgaaattocctcatgtcggtgaacttcttcte 

cgtcgtctgattgtacagttcaaaagaagtttecgfagaaatgacagaggcgtcacggtgaacgtgatcBaattcatcgcacatttgattaatcaacaag 



cgacgagatettotggcttctgtgcagctgcategctttgtgctt 
gtgactggcttgttgcteactggatgqactagacgactgattctcgagaaatcagangagttgcgattagggtgacctagaaattgggaataatacgaa 
cttttgaaaataticaggaggattaaaaaaattattetcgacaatcctacaaamacttattgcaccatgttgctccaacatttttcattaaaagttaatgaaaa 
aatgtagaaaatcggaaaKggcaatmcagaccalttttaagcatttteM^^ 



acmctcgatcttctgtcgttcggtacgatgacggtgaagaagecaattgtagtagttgatttggttcaagt 
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ctaggaacgtgttcttagaagatttcttacgtaategtatgaai 



acaatttgatcgttggccagcaaj 



attaaatttgttctctgaacctcttaaga 
atcggataatccatgcctacctggcal 
itagggttttaagtgggatagtgtttttat 



tegataaaacagaatttaagtgtaaattgtteacatttagmctatmatcaaatmgttg^ 
aggggtmcagtggttmcacatiamaagcmatmaaclaaaaatecatcatetttccaactt^^ 

, „ „„,„ in, in, .... . . - " """tgggcgtaaattttcagttcaaatttccatttttacaaccat 



ggcttagtaagtgactgaccacacgcggggggcattaattteataaat^aanccamcagatgtgncaaactagatccagaattcgaaaagaacga 
ggaggtttatgaggagatccgtaaggaaatca«ggaaa<^cgatamcggatgaggatggtggcgacgagttggatgatgaagaagagg^ 
gatgtggaagaggctccgaagaagaetaMgagattattgatMttctgatcagaa^ 
atctgtaagttgccggttgcceaaaatttgctgaatttgrcgga aaaaaaaa ttecg^ 
ttcagagaagtctacctgacaatgcaatcatctttf 



gaagctgctcac 



atgjatttttgccaaa 



lacgaactctgcgcgatgcttgtcgattgttgtgctcaacagcgta 



adiBdttga^aggagacaacttcnctggcagaatctatanaaammtattta^lgaacttgtggaggcgatgggaatggrtaaacttcattcgagag 
ttaetgatccgtgagtttcctagagagagttg^gtattcaatmccclatt^^ 
aacagcgcacgaltttcgatcaacttcttcacaatgattggattgggtggmgacgttg^ 
agggaatgctggatcagttgaaggccgaatcaagctcagaitcatcgtcgtcttcggattogteagactogtrtgatte 

^.,,„..,^« _ »gaagaagaacagtgaagagagttecaaaaagaag 



gaagagcgaggaggacgtcgtcgtgaagtggaatcggatgatcgacg 
attmtttatfctcitigigiuiuiicrtgcmctaaaaaattaancaatccaaatcttaacatgagcggttttttttctc 

cctctcatctgaacacaatgtgcaagtttatmtcttctegcmcatttcatraggacgtggggggaanggtggaagggggaaacacacaaaaggatg 

atggaaatgaaataaggacacacaatatgcaacaacattcaatteagaaatatggaggaaggtttaaaagaaaacataaaaateMagaggaggM 

ggaaaactog^aaaaaataagcaaagaaattaggcgaacgatgagaattgtcctcgcttggc^ 

aggcaaatgttcggmggagatctgtaaaaatmtaagttgaaamggtgttgctcm^^ 

cgacacgtcttccaatmtcaaattcamgagecttto^ 




gatttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatogccct 
saw^av^ww^^w^^ut^t^uggagiccacgncuiaaiagiggacfeU^ttccaaactggaa ca a n i ctc a ac cctatctc 

ggtggcacttttcggggaaatgtgcgcggaaccccamgtttatttttctaaate^ 

ttcaataatattgaaaaaggaagagUtgagUttcaacamccgtgtegcccttetteccttmtgcggcamtgccttcctgttmgcttacccagaaac 

gctggtg aaa g taaaa gatgcigaagatoagttgggtgcacgagtgggnacatcgaactggatctcaacagcggtaagatccttgagagttttcgcc 

ccgaagaacg^ccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtogc 

acactattctcagaatgacttggttgagtactcaccagteacagaaaagcatc^ 

catgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgctttmtcaca 



agttatetacacgacgggcagtcaggcaacutg^atgaacgaaatagacagategrtgaga 
accaagtttactcatalatacmagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctmtgataa 
cgtgagttttcgttccactgagcgtcagaccccgUgaaaagateaaaggatottcttgagatecmmtctgcgcgtoatctgctgcttgcaaacaaaa 
aaaceaecgctaccageggtggmgtttgc 
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cagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcggacagg 
tatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggggggaacgcctggtatctttatagtcctgtcgggtttcgccac 
ctctgacttgagcgtcgatttttgtgatgctcgtcaggggggccgagcctatggaaaaacgccagcaacgcggcctttttacggncctggccttttgct 
ggccltttgctcacatgttctttcctgcgttatcccctgattctgtggataaccgtettaccgcctttgagtgagctgataccgctcgccgcagccgaacga 
ccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgnggccgattcattaatgcagctg 
gcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttacctcactcattaggcaccccaggctttacactttatgct 
tccggctcctatgttgtgtggaangtgagcggataacaatttcacacaggaaacagctatgaccatgattacgccaagctcggaattaaccctcactaa 
agggaacaaaagctgggggg 
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pAS2-cyh2-HA+bothT7-fmal SEQUENCE ID NO. 8 

gatccgtcgacagatetccctatagtgagtcgtettactgcagccaagctaattccgggcgaamcttatgatttatgatttttattattaaataag 
ataagtgtatacaaattttaaagtgactcttaggttttaaaacgaaaate^ 

cgctcttattgaccacacctctaccggcatgcaagcttggcgtaatcatggtcaugctgmcctgtgtgaaattgttatccgctcacaattccacacaacatac 
gagccggaagcataaagtgtaaagcctggggtgcctaatgagtgaggtaactcacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgt 
cgtgccagctggattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgctcttccgcttcctegctcactgactcgctgcgctcggtcg 
ttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggcc 
agcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgttmccataggctccgeccccctgar.gagcatcacaaaaatcgacgctcaagtcagag 
gtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccctcgtgcgctctectgttccgaccctgccgcttaccggatacctgtc 
cgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaac 

ggattagcagagcgaggtatgtaggcggtgctacagagttcttgaag^gtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgct 
gaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgc 

aaggatcttcacctegatccttttaaattaaaaatgaagttttaaatcaatctaaagtetatatgagtaaacttggtctgacagttaccaatgcttaateagtgaggc 
acctatctcagcgatctgtctamcgtteatccatagttgcctgactccccgt^ 

aatgataccgcgagacccacgctcaccggcUxagatttateagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaacmate 

gcctccatccagtctattaattgttgccgggaagcfeigagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtca 

cgctcgtcgtttggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcct 

ccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgac 

tggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgc«cggcgtcaatacgggataataccgcgc(»catagcaga 

tttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgafgtaacccactcgtgcacccaactg 

atcttcagcatcttttacfficaccagcgtttetgggtgagcaaaaacaggaaggcaaaatgK^ 

actcatactcttectmcaatattattgaagcattfatcagggttattgtcteatgagcggatara^ 

gcacamccccgaaaagtgccacctgaacgaagcatctgtgcttcatmgtagaacaaaaatgcaacgcgagagcgctaattttteaaacaaagaatctg 
gctgcatttttacagaacagaaatgcaacgcgaaagcgctattttaccaacgaagaatctgtgcttcattmgtaaaacaaaaatgcaacgcgagagcgctaa 

catcccgagagcgctatmtctaacaaagcatcttagattacttttWctccmgtgcgctctataatgcagtctcttgataacttmgca 

ataaaggcatccccgattatattctauccgatgtggattgcgcatactttgtgaacagaaagtgatagcgttgatgattcncattggtcagaaaattatgaacg 
gmcttctatmgtetotatatactacgtataggaaatgtttacatra 



tagagataaacataaaaaatgtagaggtcgagtttagatgcaagttcaaggagcgaaaggtggatgggtaggttatatagggatatagcacagagatatata 
gcaaagagatactmgagcaatgmgtggaagcggtattcgcaatattttaga^^ 

gctmggttttcaaaagcgctctgaagttcctatacmctagagaataggaacttcggaatoggaacttcaaagcgmccgaaaacgagcgcttccgaa 
gcaacgcgagctgcgcacatacagctcactgttcacgtcgcacctatatctgcgtgttgcctgtatotatatatacatgagaagaacggcatagtgcgtgtttat 
gcttaaatgcgtacttatetgcgtcttmatgtaggatgaaaggtagtctagtacctrc^ 
ctacccttmgctgttctatatgctgccactectcaattggattagteteatccttcaatg^ 

catmcctataaaaataggcgtatcacgaggccctttcgtctcgcgcgttteggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca 

cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcg^^ 

agcagattgtactgagagtgcaccategatcaacgacattactatatatataatataggaagcamaatagaca^ 

acgccagatggcagtegtggaagatattcttuttgaaaaategcttgtcaccttacgtacaatcttgatccggagctmctttttttgccgattaagaattaattcg 
gtcgaaaaaagaaaaggagagggccaagagggagggcattggtgactattgagcacgtgagtatacgtgatteagcacacaaaggcagcttggagtatg 
tetgttateamracaggtag'ttctggtccattggtgaaagtttgcggcttgcagagcacagaggccgcagaatgtgctctagattc^ 
ggtattatatgtgtgcccaatagaaagagaacaattgacccggttattgcaaggaaaatt^ 

atacttggttggcgtgtttegtaateaacctaaggaggatgttttggctetggtcaatgatucggcattgatatcgtccaactgcatggagatgagtcg 
agaataccaagagttcctcggmgccagtattaaaagactcgtatttecaaM^ 

cccngtngattcagaagcaggtgggacaggtgaacttttggattggaactegatttctgactgggttggaaggcaagagagccccgaaagcttacattttat 

gttagctggtggactgacgccagaaaatgttggtgatgcgcttagattaaatggcgttattggtgttgatgtaagcggaggtgtggagacaaatggtgtaaaa 

gactctaacaaaatagcaaamcgtcaaaaatgctaagaaataggttatoctgagtegtatttamaagtangmgtgcacngccgateta^cggtgtgaa 

ataccgcacagatgcgtaaggagaaaataccgcatcaggaaaMgtaaacgttaatattttgttaaaattcgcgttaaattmgtta^ 

aataggccgaaatcggcaaaatcccttataaatcaaaagaatagaccgagaagggttgagtgttgttecagtttggaacaagagtccactattaaagaacgt 

ggactccaacgtcaaagggcgaaaaaccgtcatcagggcgatggcccactacgtgaaccatcaccctaatcaagttmtggggtcgaggtgccgtaaag 

cactaaatcggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggag 



ccattcaggctgcgcaactgttgggaagggcgatcggtgcgggcctcttcgctattacgccagctggcgaaaggggga^tgctgcaaggcgattaagtt 
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gagcgtcccaaaaccttctcaagcaaggtmcagtataatgttacatgcgtacacgcgtctgtacagaaaaaaaagaaaaatttgaaatataaataacgttctt 
aatactaacataactataaaaaaaUaatagggacctagacttcaggttgtctaactecttccttttcggttagagcggatgtggggggagggcgtgaatgtaa 
gcgtgacataactaattacatgatatcctmgttgtttecgggtgtacaatatggacttrc 

cgttggtctccctaacatgaggtggcggaggggagatamcaatagaacagataccagacaagacataatgggctaaacaagactacaccaattacactg 
cct cattgatggtggtacaaacgaactaatactgtagcccmgacttgatagccatcatoatategaagttteacteccctttttccatttgc 

aaattaacgacaaagacagcaccaacagatgtegttgttccagagctgatgaggggtatcttcgaacacacgaaactttttecttccttcattcac^ 
ctctotaatgagcaacggtatacggccttccttccagttacttgaatttgaaataaaaaaagrttgccgctttgctatcaagtataaatagacctgcaattattaatc 



gmgatgaagctactgtcttctategaacaagcatgcgatatttgccgacttaaaaagctcaagtgctccaaagaaaaaccgaagtgcgccaagtgtetga 
'"*" acatctgacagaagtggaatcaaggctagaaagactggaaca 
gattctttacaggatataaaagcattgttaacaggattatttgtacaagataatgtg 
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pGAD424-without-FULL-ICE-BOTH-T7 



SEQUENCE ID NO. 9 



gaattaatgcccatctttttntggacctaaattcttcatgaaaataUttacgagggcttatt 



tcttggccatgtaacctctgatctatagaa 



atgatttatgatttttattattaaataagttataaaaaaaataagtgtatacaaattttaaagtgacte 
tgtaggtcaggttgcmctcaggtatagcatgaggtcgctcttottgaccacacctc^^ 

aamcgtgtcgtttctattatgaamcatttaiaaagtttatglacaaatatcataaaaaaagagaatcmttaagcaaggatmcttaacttcttcggcgacagca 
tcaccgacttcggtggtactgttggaaccacctaaat<accagttctgatacctgcatccaaaaccttmaactgcatcttcaatggccttaccttcte^ 
gttcaatgacaamcaacatcattgcagcagacaagatagtggcgatagggteaaccttattctttggcaaatctggagcagaaccgtggcatggttcgtaca 
aaccaaatgcggtgttcttgtctggcaaagaggccaaggacgcagatggeaacaaacccaaggaacctgggataacggaggcttcateggagatgatatc 



aattcgttettgatggtttcctccacagtttttctccataatettgaagaggccaaaacattagctttatecaaggaccaaataggcaatggtggcfcatgttgtag 
ggccatgaaagcggccattcttgtgattcmgcacttetggaacggtgtattgtteactatcccaagcgacaccatcaccatcgtcttccmcte^ 
aaatacctcccactaattctctgacaacaacgaagtcagtacctttagcaaat^tggcttgattggagataagtctaaaagagagteggatgcaaagttacat 
ggtcttaagttggcgtacaattgaagttctttacggatttttagtaaaccttgttcaggtctaacactacctgtaccccatttaggaccacccacagcacctaacaa 
aacggcatcaaccttcttggaggcttccagcgccteatctggaagfgggacacctg^ 

ttgacattggaacgaacatcagaaatogcmagaaccttaatggcttcggctgtgatttcttgaccaacgtggtcacctggcaaaacgacgat^ 

gcagacattagaatggtatatccttgaaatatatatataUttgctgaaatgtaaaaggtaagaaaagtlagaaagtaagacgattgctaaccacctattggaaa 

aaacMte ^ tacteaaaaatt g tcaacttcaa ^^ 

»atttgattctgtgcgatagcgc 



acgatacctgagtattcccacagttggggatctcgactc 



ggccaacgcgcggggagaggcggmgcg^attgggcgctettccg<mcctcgctcac^actcgctgcgctcggtcgtteggctgcggcgagcggtatc 
agctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgU 
aaaaggccgcgttgctggcgtttttacataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggact 
jagctccctcgtgcgctctcctgtlccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcg 
{gtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctg 
cgccttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgt 



agagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaa 
gatccmgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggatmggtcatgagattatcaaaaaggatott^^ 
aaattaaaaatgaagttttaaatcaatctaaagtatotatgagtaaacttggtctgacagt^ 
tcgttaatecatagttgcctgactccccgtcgt; - - • 
ctcaccggctccagatttatcagcaataaace 
tgccgggaagctagagtaagtagttcgccag 
ttcagctecggttcccaacgateaaggcgagttacatgatccccca^^ 
ggccgcagtgttatcactcatggttatggcagcactgcataattctctt^ 

tctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgteaatacgggataalaccgcgccacatagcagaactttaaaagtgcto 



agcgtttetgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacgga^ 

attgaagcatttatcagggttattgtctcatgagcggatacatamgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaag 



gtcggggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccataacgcatttaagcataaacacgcactatgccgttcttete 
atatofacaggcaacacgcagataaggtgcgacgtgaacagtgagctgtatgtgcgcagctegcgttgcattttcggaagcgctcgttttcggaaacgcttt 
gaagttectattccgaagttcctattctctogctagaaagtataggaacttcagagcgcttttgaaaaccaaaagcgctctgaagacgcactttcaaaaaacca 
aaaacgcaccggactgtaacgagcuctaaaatattgcgaataccgcttccacaaacattgcteaaaagtatctctttgctatatatetctgtgctatatccctata 

tattcatagagtgaategaaaacaawcgaaaatgtaaacamcctatecgtegtataagagacaaaatagaagaaaccgttcamattttctgacMa^aa 



cgctagtaatcagtaaacgcgggaagtggagtcaggctttttttatggaagagaaaatagacaccaaagtagccttcttctai 
aaaaagttatcaagagactgcattatagagcgcacaaaggagaaaaaaagtaatctaagatgctttgnagaaaaatagcgctctcgggatgcatttttgtaga 
acaaaaaagaagtatagattctttgttggtaaaatagcgctctcgcgttgcamctgttc^^ 
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cgttgcattragtmacaaaaatgaagcacagattcttcgttggtaaaatagcgctttcgcgttgcatttctgttctgtaaaaatgcagctcagattctngtttgaa 
aaattagcgctrtcgcgttgcamttgttctacaaaatgaagcacagatgctteg^ 

caccatatccgcaatgacaaaaaaaatgatggaagacactaaaggaaaaaattaacgacaaagacagcaccaacagatgtcgttgttccagagctgatga 

ggggtatcttcgaacacacgaaactttttccttccttcattcacgcacactactctc^ 

aaaaagtttgccgcmgcat<»agtataaatagacctgcaattettaatc^^ 

caagctataccaagcatacaatcaactccaagctttgcaaagatggataaagcggaattaattcccgagcctccaaaaaagaagagaaaggtcgaattggg 
taccgccgccaattttaatcaaaglgggaatattgctgatagctcattgtccttcactttcactaacagtagcaacggtocgaacctcataacaactcaaacaaa 
ttc^gcgcmcacaaccaattgcctcctctaacgttcatgataacttcatgaataatgaaatcacggctagtaaaattgatgatggtaataa^ 
tgtcacctggttggacggaccaaactgcgfamcgcgmggaatcact^ 

tgaagataccccaccaaacccaaaaaaagagatcgaattcttaatacgacteactatagggcccatggacgaagaatccagttcattettatgtacctatgctg 
agaatcgtgccaataagaagccaatacttccttagatgatgcaataaatattaaaataaaacaaaacagaaggctg 
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P GN205: SEQUENCE ID NO. 10 

ccggtggtaccgggccccccctcgaggtcgacggtatcgataagctttcgtcattgaaaagaaggataagaatggacgatgggaagaagctctcgtt 
gttccaggagatcagaaaacagcaactgttccaaatcttaaggagggagaagaatatcaattcagaatttctgctcgtaacaaggctggaactggaga 
tccCtctgatccttetgatcgtgttgttgcgaagccaagaaaccttgctccaagaattcatcg^gaagatcmctgaacaactgtcaaggteggagccac 
tctcaagttcattgttcatangatggtgagccagcaccagatgtaacatggtcattcaatggaaaaggaatcggagagagcaaggctcmttgaaaa 
tgagccatacatctcgagamgcmgccaaaggcacttcgtaagcaaagtggaaaatataccateactgcaaccaacanaatggaactgacagtgtc 




laaggtcci 



cgacttatgcaacaacagattagtgataagcaaagtgaacagtatcagagaatgaangggaaagaatgaagaaaaagattcacggattggttaacag 
agtcaacgcgaagaatcngttcaaangtcagagaacttcttcaagagaatgtgattcgttcaaaglgagtgagaaaatcgaaggaaaaggaaagaat 
taatttaatttttcaggggacttetetgccgtgacattattcaagcttaggctttctcaccaggatto^ 

tcgaaanccctcatgtcggtgaacncttctccgtcgtctgattgtacagttcaaaagaagtttccgtagaaatgacagaggcgtcacggtgaacgtgat 
caaattcatcgcacatttgartaatcaacaagttgctcacgaagttcttgcgctggaaatcatgattctgatgcttgaagaaccaactgatgatlcagnga 



gaaactgaaagatcggaaaatgcactggatcgacgtattcagtatatgattgagactgc^ 



ccaagaaccttgttgagttcatcaactgaatctgtgactggcttgttgctcac^gatgcactagacgactgattctcgagaaatcagangagttgcgatt 



atctctgatatcactgaaaattaatttttaatcaaaacttgaatata 
aagtgattaaatttgttctctgaacctcRaagatgatcttttggatagaaacatataagacaggtttacctatctattaaaaaacagatcaaaatagatacg 



ttcgataaaacagaatttaagtgtaaangttcacatttagtttctamtatcaaattttgttgctcaaaaa 
cattcgaagctgctctaaaaaaatgcattaaaaaaggggmtca glggUt t U^ cattaaaaaagctaamtaactaaaaatccatcatomccaaclttg 
tcacaacaataaaatgctggtcaaaatgtgttcgaaaaaatgmttttttttaatttttalaamaaaaatagttttcttte 
gtaaatttteagttcaaamccatttttacaaccamatcataaagetacgtetgatct^^ 

caaaagaacaagaagaacaagcacgtagttgtggtagtggacgttcatcacgcaatectgaccaatggtcgtggggtctcactttccgtactattgaga 
gaggggagactgaagatggcaaitgaggacagtgtcttcgacgcacgcatgcatccataagcataatccaggagggatggagagaaaaatcttgttt 
ctaagccccteccWgtaatacatacacatatctaataccgaagaatggctaattgaatggacgtcagctgngctg 



cttaatt 



Maattctaaaatactatccccgaaattttcaatattttctctttcagaacgaactctg 
attctacggaatgctcatcgaacgtftctgccgacttcgcctcgaataccagcaa 
angacatcacaaaactgcggaatttggctcgccttattgctcatttgctctcgacg 
gaggacacaacttcttctggcagaatctatattaaatatatatttaatgaacttgtg 



gatcagttgaaggccgaatcaagctcaga 

itcttcttcagaatcagagccagaaccaccgaagaaaaagaagaa 



29 



EP 1 197 567 A2 



gaagaacagtgaagagagttccaaaaagaaggaaaaagagaatattggtcgacgggatcgtggagacaagagagctgaacgtcatcgtgatcaaa 
g^tggagaacaaggacaaggatcgtcgacgtcgccaggattctgacgaaaategtcggccagaacgaggagatgaccgcaaggatcggagtaa 



gtgatcgaaacaaggatcaggaggatcaccgtgaagarcgccgtgaccgaagcM^ 

atgatgatcgtaaaactcg^egggatagaagtgaagagcgaggaggacgtcgtcgtgaagtggaatcggatgategacgccgacgtegttgaatttt 

caaatttlaaatactgaafamgtttttmcctattatttatttattctcmgtgtttttmcttgcmctaaaaaattaattcaatccaM 

ttttttetetttccgtcteccaattcgtattecgctcctcte^ 

ggtggaagggggaaacacacaaaaggatgatggaaatgaaataaggacacacaatatgcaacaacattcaattcagaaatatggaggaaggtttaa 

aagaaaacataaaaatatatagaggaggaaggaaaactagtaaaaaataagcaaagaaattaggcgaacgatgagaattgtcctcgcttggcaaatg 

cgaatccgtatggagaggcacgtttggcgaaggcaaatgttcggtatggagatctgtaaaaatttttaagttgaaamggtgttgctcttttacaaaatttt 

ccgatfflcgcttgaaatacggtgccaggtctegacacgtcttccaatttttcaaattcaa^ 

aaattmcttecgtttaatcgaaatttgatgtatmatttatgatttteaata^ 

atccttaaaggcgcacaccttttaaatgtccgccccaatacgatattttttoagattcgc^^ 



gcgcatttagcgcggcgggtgtggtggttacgcgcagcgtgaccgctacacttgccagcgccctagcgcccgctcctttcgctttcttcccttcctttct 
cgccacgttcgccggctttecccgtcaagctctaaategggggctccctttagggttccgat 



icttgat 
gttccaaact 

ggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgcegatttcggcctattggttaaaaaatgagctgamaacaaaaatttaa 

cgcgaattttaacaaaatamacgtttacaattteaggtggcactttteggggaaat^ 

gtatccgctcatgagacaataaccctgataaatgcttcaataatattgaa^ 

cggcatmgccttcctgttragctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggtto 

tctcaacagcggtaagatacttgagagtttttgccccgaagaacgtmccaatgatgagcacttttaaagttctgctatgtggcgcggtattatc^ 

gacgccgggcaagagcaacteggtegccgcatacactattcteagaatgacttgg^ 

gacagtaagagaattatgcagtgctgccataagcatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaacc 
gctttttttcacaacatgggggatcatgtaactcgccttgatcgttgg^^ 

gcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggata 



cactggggccagatggtaagccctcccgtatcgtagttatctacacgacgggcagtcaggcaactatggatgaacgaaatagacagatcgctgagat 

agg^tcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcalimaatttaaaaggatctoggtgaa 

gatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcngagatcc 

tttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgcmcragcggtggmgtttgccggatcaagagctoccaactcttttte 

aactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggccaccaettcaagaactctgtagcaccgcctacatacct 

cgrtctgctaatcctgttaccagtggctgctgccagtggcgataagtcg^ 

ggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcg^agcattgagaaag 
cgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggggg^ 
aacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagc^ 



ctctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaatlaatgtgagtta 



accatgattacgccaagctcggaattaaccctcactaaagggaacaaaagctgggggggatcctccaaaatcgtcttccgctctgaaaaacgaaagt 
ggaccmgacatccgaaaaaatgggcgaaaaaatgaaattgagctmtgggtcgaaaaaaatgtttttagaatgctgagaacacgttaaacacgaag 

gaatetcctanggcacattgttttttat 



gcgttcgaaa 

ggcgacaacggtattttcgaaattgattttctgtgtattt 



tctcgcgctaaattgagaaatgcaaccgcgctcc 



laatttartcgga 
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SEQUENCE ID NO. 11 



ccggtggtaccgclagccgtacgaacccgggttctagaactagtggatcccacttgagatcaacatgatca; 
cctggtctatctggacgatcaaatggatttttagccaaaatateggtttcagtttccaatggatcagaaggtccl 

catagaactcaattggctctcctccgtcatcctctggtggtttccagleaagagttgcacgatcttcgaagaca 


gaatcccaatcagttggctctggacga 










cctcgtcgagtcggtcacaatcacctgaaactccaaaggcagccagtgaggaacgtgaagaagaagaaa 


aagagtcatctgaacaggtttgattttct 






cttcggaaaatcaagagaaaatcaaa 




ccaaaaaggtccaaggagaccaggt 



cacgttccccgtcacgatctcctagacggcgccgagaaagaagctcagaaagaaagcaatecgaagagccagcaccgctaccagagaaaaagaa 
gaaagagccgctggatattctacgaacaagaaccggaggagcatatattccacccgccaaacttcgacttatgcaacaacagattagtgataagcaa 
agtgaacagtatcagagaatgaaltgggaaagaalgaagaaaaagattcacgganggttaacagagtcaacgcgaagaatcttgttcaaangtcag 
agaacttcttcaagagaatgtgattcgttcaaagtgagtgagaaaatcgaaggaaaaggaaagaattaa^ 

attancaagctcaggcmctca<xaggattctctaflcgtcatgcag<OTggcggcagttatcaflctcgaaattccctcatgtcggtgaax:ttcttctcc 



caaagcttctggagattgctccagcagctcttaacagtgtctacga 
acgtattcagtatalgattgagactgeaatgcagattcgaaaggacaaatttgcggtaaggtagaatalataaalagtttattag a a aaaaataaa ttag 
ataatttaaattcctactagccaatcaggcgaccttfflgcgcatagttctattottgaaaa 



tttgaaaaUttcaggaggattaaaaaaattanctcgacaato 
atgtagaaaatcgg^ttgg<^tmcaga(xatttttaagcatfflca a a aa aaaattgcagctgaaataaatgtcattttcagataaalcgagcgalttt 




gtgtcttcgncgca(^catg<atccataagcataatccaggagggatggagagaaaaatcttgtttctaagcccctcccmg»aalacatacacatatct 



aggcgUhxggcggtcaltgaagacttggacttgattgaggaggaggatcagatcattxatacacnaatttggaggatgcggngatccggaaaatg 
ggcttagtaagtgactgaccacacgcggggggcattaatttaataaattgaattccamcagatgtgttcaaactagatccagaattcgaaaagaacga 
itatttcggatgaggatggtggcgacgagttggatgatgaagaagagggtagt 



aaaactttttgtaaaaattaaatiaaatttgcaactt 
aattgctgaaaatgaagattccagacagcatgcaggtcagc 



lacgaactctgcgcgatgcttgtcgattgttgtgctcaacagcgta 



acttglggaggcgatgggaatggttaaaettcattegagag 
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cctctcatetgaacacaatgtgcaagtttatttatcttctcgctttcatttcattaggacgtggggggaattggtggaagggggaaacacacaaaaggatg 
atggaaatgaaataaggacacacaatatgcaacaacattcaattcagaaatatggaggaaggtttaaaagaaaacataaaaatatatagaggaggaa 



{ttgaaatttggtgttgctcttttacaaaattttccgattttcgcttgaaattacggtgccaggtct 
cgacacgtcttccaattmcaaattcaaaagagcctttaatgggctgtagttgctaatttctcgttragaaaatttttcttccgtttaatcgaaatttgatgte 
tatttatgattttcaataaamcaaagaaactggtgaaaactcggaaaattgt^^ 
cccaatacgatatttttttaagattegctagagcggrcgccaccgcggtggagctec^ 

tttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgcettgcagcacatccccccttcgccagctggcgtaatagcgaagaggccc 
gcaccgatcgcccttcccaacagttgcgtagcctgaatggcgaatgggacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgc 

aatcgggggctccctttagggttccgatttagtgctttacggcaectc 
gatagacggtttttcgccctttgacgttggagtccacgttctttaatag 
gatttataagggamtgccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaatttca 

gctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgcc 
ccgaagaacgttttecaatg; 
acactattctcagaatgactt] 

catgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgctttttttcacaacatgggggatcatgtaactcg 
ccttgategttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaact 
attaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggcccttcc 



accaagtttactcatatatactttagattgatttaaaacttcatmtaatttaaaaggatctaggtgaagatccttmgataatctcati 
cgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcrtgagatccttmttctgcgcgtai 
aaaccaccgctaccagcggtggmgmgccggatcaagagciaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatact 
gtccttetagtgtagccgtagttaggccaoacttcaagaactctgtagcaccgc^^ 

tggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcc 
cagcKggagcgaacgacctecaccgaactgagatacctacagcgtgagcangagaaagcgccacgcttcccgaagggagaaaggcggacagg 



ggcctmgctcacatgttcmcctgcgttetcccctgattctgtggataaccgtattaccgccmgag^gagctgataccgctegccgca^^ 

ccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctg 

gcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttacctcactcattaggcaccccaggctttacactttatgct 

tacggctectatgttgtgtggaartgtgagcggataacaatttcacacaggaaacagctatgaccatgattacgccaagctcggaattaaccctcactaa 

agggaacaaaagctgggggggatcctccaaaatcgtcttccgctetgaaaaacgaaagtggacctttgacatccgaaaaaatgggcgaaaaaatga 



1 . A method of identifying DNA responsible for conferring a particular phenotype in a cell which method comprises 

a) constructing a cDNA or genomic library of the DNA of said cell in a suitable vector in an orientation relative 
to a promoter(s) capable of initiating transcription of said cDNA or DNA to double stranded (ds) RNA upon 
binding of an appropriate transcription factor to said promoter(s), 

b) introducing said library into one or more of said cells comprising said transcription factor, and 
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c) identifying and isolating a particular phenotype of said cell comprising said library and identifying the DNA 
or cDNA fragment from said library responsible for conferring said phenotype. 

2. A method according to claim 1 wherein said library is organised into hierarchical pools prior to step b). 

5 

3. A method of assigning function to a known DNA sequence which method comprises 

a) identifying a homologue(s) of said DNA sequence In a cell, 

b) isolating the relevant DNA homologue(s) or a fragment thereof from said cell, 

10 c) cloning said homologue or fragment thereof Into an appropriate vector in an orientation relative to a suitable 

promoter(s) capable of initiating transcription of dsRNA from said DNA homologue or fragment upon binding 
of an appropriate transcription factor to said promoters), 

d) introducing said vector into said cell from step a) comprising said transcription factor, and 

e) identifying the phenotype of said cell compared to wild type. 

15 

4. A method according to any of claims 1 to 3 wherein said DNA library, homologue or fragment is cloned in a sense 
and an antisense direction relative to said promoter. 

5. A method according to any of claims 1 to 3 wherein said DNA library, homologue or fragment Is cloned between 
20 two promoters capable of producing dsRNA from said DNA library, homologue or fragment upon binding of said 

transcription factor to said promoters. 

6. A method according to any of claims 1 to 5 wherein said cell is adapted to express said transcription factor. 

2s 7. A method according to any of claims 1 to 6 wherein said DNA library, homologue or fragment is constructed in a 
suitable vector which comprises a sequence of nucleotides encoding said transcription factor operably linked to a 
suitable promoter. 

8. A method according to any of claims 1 to 6 wherein said transcription factor is encoded by a further vector inde- 
30 pendent of the vector including said DNA library, DNA homologue or fragment and which sequence encoding said 

transcription factor is operably linked to a suitable promoter. 

9. A method according to claim 7 or 8 wherein said transcription factor comprises any of T7, T3 or SP6 polymerase. 

35 10. A method according to claim 7 or 8 wherein said suitable promoter comprises any of let 858, SERCA, UL6, myo- 
2 or myo-3. 

11. A method according to any of claims 7 to 10, wherein said suitable vector or said further vector comprises a 
selectable marker. 

40 

12. A method according to claim 11 wherein said selectable marker comprises a nucleotide sequence capable of 
• inhibiting or preventing expression of a gene in said cell and which gene is responsible for conferring a known 

phenotype. 

45 13. A method according to claim 12 wherein said nucleotide sequence comprises a sequence which Is a part of or 
identical to said gene conferring said phenotype, and which nucleotide sequence is itself oriented relative to a 
suitable promoter(s) capable of initiating transcription of double stranded RNA upon binding of an appropriate 
transcription factor to said promoters. 

so 14. A method according to claim 1 2 wherein said nucleotide sequence Is a part of or Identical to said gene sequence 
conferring said phenotype, and which nucleotide sequence is such as to permit integration of said suitable or 
further vector by homologous recombination in the genome of said cell and following said integration said nucleotide 
sequence is capable of inhibiting expression of said gene sequence conferring said phenotype. 

ss 15. A method according to claim 14 wherein said nucleotide sequence comprises stop codons sufficient to prevent 
translation of said nucleotide sequence following Its integration into said genome. 

16. A method according to any preceding claim wherein said cell is a microorganism suitable for feeding to, trarisform- 
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ing or infecting an organism. 

17. A method according to any of claims 1 to 14 wherein said cell is contained in an organism or an embryo thereof. 
5 1 8. A method according to any of claims 1 to 1 7 wherein said promoters are T7 promoters. 

19. A method according to any of claims 12 to 18 wherein said known gene sequence comprises a sup-35 gene or a 
fragment thereof which is selectable by identifying offspring growing at a temperature above 25°C following intro- 
duction of said vector in the genome of a pha-1 et123ts mutant C. elegans worm. 

10 

20. A method according to any of claims 1 to 19 wherein said cell or organism is contacted with a specified compound 
for screening for a desired phenotype, such as resistance or sensitivity to said compound when compared to the 
wild type cell or organism. 

15 21. A method according to any preceding claim wherein said transcription factor Is Inducible. 

22. A method according to claim 1 6 wherein said microorganism is an E. coli strain which Is an RNAase III and pref- 
erably an RNAase negative strain. 

20 23. A method according to any of claims 1 7 wherein said organism is selected from the class nematoda. . 

24. A method according to claim 23 wherein said organism is Caenorhabditis elegans. 

25. A method of generating a transgenic non-human organism comprising an exogenous transcription factor and a 
25 . transgene comprising a promoter operably linked to DNA fragment which is expressed upon binding of said tran- 
scription factor thereto, the method comprising 

a) providing a first transgenic organism comprising a first construct incorporating DNA encoding an exogenous 
transcription factor and a second transgenic organism comprising a second construct including at least one 

30 promoter operably linked to a desired DNA sequence which is expressed upon binding of the transcription 

factor of said first transgenic organism thereto, 

b) crossing said first and second transgenic organisms and selecting offspring expressing said desired DNA 
sequence. 

35 26. A method according to claim 25 wherein said first and second transgenic organisms are generated by transforming 
said first and second constructs into respective mlcroorgan isms for subsequent feeding to the respective organism . 

27. A method according to claim 25 or 26 wherein said second construct comprises said desired DNA sequence In 
an orientation relative to said promoter so as to be capable of initiating transcription of said DNA to dsRNA upon 

40 binding of said transcription factor thereto. 

28. A method according to claim 27 wherein said second construct comprises two promoters flanking said desired 
DNA sequence which promoters can Initiate transcription of said DNA sequence to dsRNA upon binding of said 
transcription factor to said promoters. 

45 

29. A method according to claim 27 wherein said DNA sequence is provided in a sense and an antisense orientation 
relative to said promoter so as to produce dsRNA upon binding of the transcription factor to the promoter. 

30. A method according to any of claims 25 to 29 wh erein said second transgenic organism further comprises a reporter 
so gene operably linked to a promoter which Is capable of initiating transcription of said reporter upon binding of said 

transcription factor thereto. 

31 . A method according to any of claims 25 to 30 wherein said transcription factor comprises a polymerase. 
55 32. A method according to claim 31 wherein said polymerase comprises any of T7, T3 or SP6 polymerase. 

33. A method according to any of claims 25 to 31 wherein said promoters comprises any of 17, T3 or SP6 promoters. 
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34. A method according to claim 30 wherein said reporter gene comprises any of those sequence encoding Luclferase, 
Green Fluorescent protein, p" galactosidase or p-lactamase. 

35. A method according to any of claims 25 to 30 wherein said organism is of the species nematoda. 

36. A method according to claim 35 wherein said nematoda species is C. elegans. 

37. A transgenic non-human multicellular organism obtainable according to the methods of any one of claims 25 to 34. 

38. A method of validating clones identified in yeast two hybrid vector experiments which method comprises 

a) providing a construct Including the DNA encoding the protein identified in the two hybrid vector experiment, 
which construct is such that said DNA is orientated relative to a promoter(s) that is capable of initiating tran- 
scription of said DNA to double stranded RNA upon binding of an appropriate transcription factor to said pro- 
moter(s), 

b) transforming a cell comprising said transcription factor with said construct, and 

c) identifying a phenotyplc change In said cell or organism when compared to a wild type. 

39. A method according to claim 38 wherein said DNA sequence is provided between two promoters capable of Initi- 
ating transcription of the DNA sequence to dsRNA upon binding of the transcription factor to said promoters. 

40. A method according to claim 38 wherein said DNA Is provided in a sense and an antlsense orientation relative to 
said promoter such that binding of the transcription factor to said promoter initiates transcription of dsRNA from 
said DNA. 

41 . A method according to any of claims 38 to 40 wherein said transcription factor Is Inducible in said cell. 

42. A method according to any of claims 38 to 41 wherein said promoter is a phage polymerase promoter and said 
transcription factor Is a RNA polymerase. 

43. A method according to claim 42 wherein said polymerase is any of T7 RNA polymerase, T3 RNA polymerase or 
SP6 RNA polymerase. 

44. A method according to claim 43 wherein said promoters comprise any of T7, T3 or SP6 promoter 

45. A method according to any of claims 38 to 44 wherein said construct is such that It may be used in yeast two hybrid 
experiments. 

46. A method according to any of claims 38 to 45 wherein said cell is an E. coli cell. 

47. A method according to any of claims 38 to 45 wherein said cell is part of an organism or an embryo thereof. 

48. A method according to claim 47 wherein said organism Is of the species nematoda and preferably C. elegans. 

49. Plasmid pGNI as illustrated in Figure 1. 

50. Plasmid pGN100 as illustrated in Figure 2. 

51. The yeast two hybrid vector plasmid illustrated in any of Figures 4, 15or16(Seq IDNosBand9). 

52. A plasmid as illustrated in Figure 7. 

53. A plasmid as illustrated in Figure 8. 

54. A method of alleviating infestation of plant pests, which method comprises 

a) identifying a DNA sequence from said pest which is critical for its survival, growth, proliferation, 

b) cloning said sequence from step a) or a fragment thereof in a suitable vector in an orientation relative to 
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promoter(s) such that said promoter(s) is capable of initiating transcription of said DNA sequence to RNA or 
dsRNA upon binding of an appropriate transcription factor to said promoter(s), and 
c) introducing said vector into the plant. 

55. A method according to claim 54 wherein said DNA sequence is provided between two promoters such that binding 
of the transcription factor to the promoters results in transcription of the DNA to dsRNA. 

56. A method according to claim 54 wherein said DNA sequence is provided in a sense and an antisense orientation 
relative to. said promoter such that binding of the transcription factor to the promoter results in transcription of the 
DNA to dsRNA. 

57. A method according to claim 54 wherein said pest is a nematode worm. 

58. A method according to claim 57 wherein said nematode comprises any of Tylenchulus ssp. Radopholus ssp., 
Rhadlnaphelenchus ssp., Heterodera ssp., Rotylenchulus ssp., Pratylenchus ssp., Belonolaimus ssp., Canjanus 
ssp., Meloidogynessp., Globodera ssp., Nacobbusssp., Ditylenchus ssp., Aphelenchoidesssp., Hirschmenniella 
ssp., Anguina ssp., Hoplolaimus ssp., Hellotylenchus ssp., Criconemellassp., Xlphinemassp., Longldorus ssp., 
Trichodorus ssp., Paratrichodorus ssp., Aphelenchs ssp. 

59. A method according to claim 55 wherein said DNA sequence or fragment thereof is cloned between two tissue, 
preferably root specific promoters. 

60. An expression vector for use in a method according to any proceeding claim comprising a promoter or promoters 
oriented relative to a DNA sequence such that they are capable of Initiating transcription of said DNA sequence 
to double stranded RNA upon binding of an appropriate transcription factor to said promoter or promoters. 

61 . An expression vector according to claim 60 comprising two identical promoters flanking the DNA sequence. 

62. An expression vector according to claim 60 comprising said DNA sequence In a sense and an antisense orientation 
relative to said promoter. 

63. An expression vector according to any of claims 60 to 62 which further comprises a nucleotide sequence encoding 
a selectable marker. 

64. An expression vector according to claim 63 wherein said nucleotide sequence encoding said selectable marker is 
orientated relative to the promoter(s) such that transcription of the nucleotide sequence to double stranded RNA 
occurs upon binding of an appropriate transcription factor to said promoters). 

65. An expression vector according to claim 64 wherein said nucleotide sequence encoding the selectable marker is 
provided between the identical promoters capable of initialing transcription of the nucleotide sequence to dsRNA 
upon binding of the transcription factor to the promoters. 

66. An expression vector according to claim 64 wherein said nucleotide sequence encoding the selectable marker is 
provided in a sense' and an antisense orientation relative to the promoter such that transcription of the nucleotide 
sequence to dsRNA upon binding of the transcription factor to said promoter occurs. 

67. An expression vector according to claim 63 or 64 wherein said selectable marker comprises a nucleotide sequence 
encoding sup-35, for introduction into C. elegans having a pha-1 mutation. 

68. An expression vector for expressing an appropriate transcription factor for use in a method according to any of 
claims 1 to 48 and 54 to 59 which vector comprises a sequence of nucleotides encoding said transcription factor 
operably linked to suitable expression control sequences. 

69. An expression vector according to claim 68 wherein said expression control sequences include promoters which 
are Inducible, constitutive, general or tissue specific promoters, or combinations thereof. 

70. An expression vector according to any of claims 68 to 69 wherein said transcription factor comprises a phage 
polymerase, and preferably T7 RNA polymerase. 
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71. An organism or cell transformed or transfected with a plasmid according to any of claims 49 to 53 or an expression 
vector according to any of claims 60 to 70. 

72. An organism according to claim 71 , which is of the species nematoda and preferentially C. elegans. 

5 

73. A method of introducing dsRNA or DNA capable of producing dsRNA into an organism which method comprises 
feeding said organism with a suitable microorganism comprising an expression vector according to any of claims 
60 to 67 or feeding said organism directly with an expression vector according to any of claims 60 to 67. 

10 74. A method according to claim 73 wherein said microorganism or said organism Is adapted to express said tran- 
scription factor. 

75. A method according to claim 74 wherein either said microorganism or said organism comprises an expressing 
vector according to any of claims 66 to 69. 

76. A method according to any of claims 73 to 75 wherein said organism is C. elegans and said microorganism is E coli. 

77. A method according to claim 76 wherein said E. coli strain is an RNAaselll negative strain. 

so 78. A method according to any of claims 73 to 75 wherein said organism is a C. elegans nuc-1 mutant. 

79. A selection system for identifying transformation of a cell or organism with a vector according to claims 60 to 63 
which system comprises a vector according to claims 60 to 63 and said selectable marker comprises a nucleotide 
sequence capable of Inhibiting or preventing expression of a gene in said cell or organism which gene Is responsible 

« for conferring a known phenotype. 

80. A selection system according to claim 79 wherein said nucleotide sequence comprises a sequence which is a part 
of or identical to said gene conferring said known phenotype, and which nucleotide sequence is itself located 
between two identical promoters capable of Initiating transcription of double stranded RNA upon binding of an 

30 appropriate transcription factor to said promoters. 

81 . A selection system according to claim 79 wherein said nucleotide sequence is a part of or identical to said gene 
sequence which confers a known phenotype on said cell or organism, and which nucleotide sequence permits 
integration of said vector by homologous recombination in the chromosome of said cell or organism and following 

35 said integration said sequence inhibits expression of said gene sequence conferring said known phenotype. 

82. A selection system according to claim 81 wherein said nucleotide sequence comprises stop codons sufficient to 
prevent translation of said nucleotide sequence following integration into said genome. 

40 83. A selection system according to claim 79 wherein said known gene sequence comprises a sup-35 gene or a 
fragment thereof which is selectable by Identifying offspring growing at a temperature above 25°C following intro- 
duction of said vector in a pha-1 et123ts mutant C. elegans worm. 

84. A method according to claim 74 wherein said transcription factor is T7 RNA polymerase. 

45 

85. A method of assigning function to a DNA sequence of a multicellular organism which method comprises: 

a) providing: 

so • (i) a first construct comprising said DNA sequence cloned in a sense direction under the regulation of a 

suitable promoter 

(II) a second construct comprising said DNA sequence cloned in an anti-sense direction under the regu- 
lation of the same promoter as in step (i), 

in a multicellular organism which is adapted to initiate transcription of said DNA fragment from said 
55 promoter, 

b) identifying the phenotype of said multicellular organism compared to wild type. 

86. A method of assigning function to a DNA sequence of a multicellular organism which method comprises: 
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a) providing 

i) a construct comprising said DNA fragment clonad between two promoters capable of promoting transcription 
in said multicellular organism, 

in a multicellular organism capable of initiating transcription from said promoter; 

b) Identifying the phenotype of said multicellular organism compared to wild type. 

87. A method for expressing a gene, cDNA or DNA fragment in C. elegans which method comprises : 

i) providing a transgenic C. elegans expressing an exogenous transcription factor, 

ii) cloning said gene or cDNA or DNA fragment into an appropriate vector operably linked to a promoter capable 
of initiating 'transcription of said gene, cDNA or DNA fragment upon binding of said exogenous transcription 
factor thereto, 

iii) introducing said vector into said transgenic C. elegans from step i). 

88. A method according to claim 87 wherein said exogenous transcription factor is a phage polymerase. 

89. A method according to claim 88 wherein said phage polymerase Is T3, SP6 or T7 RNA polymerase. 

90. A method according to any of claims 87 to 89 wherein said promoter Is any of T3, T7 or SP6 promoter. 

91. A nucleotide sequence according to any of Seq ID Nos 3 to 11 . 
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pGNl 

tgttaaaattcgcgttaaatamgttaaatcagrtcatttmaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaat 
^cgagatagggttgagtgttgttccagmggaacaagagtccactattaaagaac^ 

cggaawaaaagggagcccccgamagagcttgacggggaaagccggcgaac^ 
c 8aa ^ a8CgS8C8Ctagg ^^ 



agtgagtcgtattacagcttgagtattctatagtgtcacctaaatagcttggcgtaatcatggtcatagctgm^^ 
atccg^acaattccacacaacatacgagccggaagcataaagtgtaaagc^^ 



«cactcaaaggcggtaatacggttatc<acagaatcaggggataacgcaggaaagaacatgtgagca^ 
8 ^ 8s ^ cc S t ^S8 cc SCSttgctggcgttmcgataggctc C gcccxcctgacgagcatca^^ 



;ccttatccggtaacta 



cagttaccttcggaaaaagagttggtagacttgatccggcaaacaaaccaccgctggtagcgg^ 
agattacgcgcagaaaaaaaggat«caagaagatccmgatctmctacggggtctgacg«ca? 
taag^atmggtcatgaganatcaaaaaggatcttcacctagatccttnaaattaaaaatgaagtmaaatcaatctaaaRtatat 
atgagtaaacnggtrtgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatag^gcct 
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!=2=!5!» 



Jjgjcgaaaactacuggatcttaccgc^ccp^^ 
^cctataa^taggcgtatcacgaggcccmcgtctcgcgcgmcggtg^^ 



PGN100 



acggtgagcgtttagctcs 
gcgtcaacttaaagctggt 
atciiacgactggmgaggaagtgaaagctaagcgcg^caagcgcccgacagctttccagtt7rt^ 

xgttcaggctgtagcaagcgca 
icttcaagaaaaacgttgaggaa 



aatggttagcttacaccgccaaaatgctggcgtagtaggtcaagactctgagactatcgaactcgcacctgaatacgrt^^ 



^ggtggctatt^ctaacggtcgtcgtcctctggcgctggtgcgtactcacagtaagaaagcacTgatgcgctacgaaKac 

gtttacatgcctgaggtgtacaaagcgattaacattgcgcaaaacaccgcatggaaaatcaacaagaaagtc 

aacgtaaicaccaagtggaagcangtccg^cgaggacatccctgcgattgagcgtgaagaactcccgatgaaaccgaaasa 

catcgacatgaatcctgaggaacaccgcgtggaaacgtgctgwgrtgagtgtaccgcaaggawgggrtcgc^ 

gccgtatcagccttgagttcatgcttgagcaagccaataagragctaaccataaggccatrtggttcccmcaa 



caatcggtaaggaaggttaaactggctgaaaatccacggtgcaaactgtgcgggtgtcgataaggttccgttccctgagw^^ 
caagttcattgaggaaaaccacgagaacatcatggcttgcgctaagtaccactggagaacacttggtgggctg 



gtagttaccgtgaccgatgagaacactggtgaaatctrtgagaaagtcaagctgggcartaaggcactggctggtwat^ 
gctcacggtgttactcgcagtgtgaaaagcgttcagtcat^^^ 

gctggaagataccattcagccagctattgattccggcaagggtccgatgncaacagcxgaatcaggctgctggatacatgga 
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ctgagaggtcaaagataagaagactggagagattcttcgcaagcgttgcgctgtgcattgggtaactcctgatggtttccctgtgt 
ggcaggaatacaagaagcctattcagacgcgctigaacctgaigttcctcggtcagttccgcttacagcctaccattaacaccaac 
aaagatagcgagangatgcacacaaacaggagtctggtatcgctcctaactttgtacacagccaagacggtagccaccttcgta 
agactgtagtgtgggcacacgagaagtacggaatcgaatc^tttgcactgattcacgactccttcggtaccattccggctgacgct 
gcgaacagncaaagcagtgcgcgaaaaatggttgacacatatgagtcttgtgatgtactggctgatttctacgaccagttcgct 
gaccagttgcacgagtctcaattggacaaaatgccagcacttccggctaaaggtaacttgaacctccgtgacatcttagagtcgg 
acttcgcgttcgcgtaaccatggtattgatatrtgagctccgcatcggccgctgtcatcagatcgccatacgcgcccgtgcaclg 
acttaaagtccaattactcncaacatccctacatgacmaccctgtgacccaccccctatttttgttattaicaaaaaaacttcttc 
ttaam ctttguuu agcttamaagtcacctctaacaatgaaattgtgtagattcaaaaatagaattaattcgtaataaaaagtcga 
aaaaaattgtgctccaccccccattaataataattclatcccaaaatctacacaatgttrtgtgtacacttctwtgtttttm 
taaatttttmgaaacatcatagaaaaaaccgcacacaaaataccttatcatatgttacgmcagtttatgaccgcaatttttatttcttc 
gcacgtctgggcctctcatgacgtcaaati 




ggcggccttaagggcctcgtgatacgcctattmataggltaatgtcatga^ 



5taaaagatgctgaagaicagttgggtgcacgagtgggttacatcgaactggatacaaca 
gcggtaagatccttgagagtmcgcccegaagaacgtmccaa^ 

aagcatcttacggatggcargacagtaagagaattatgcagtgagccataaccatgagtgataacactgcggccaacttactta 
gacaacgatcggaggaccgaaggagctaaccgctttmgcacaacatgggggatcatgtaactcgccttgatcgttgggaacc 

ctggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgctc 
ggcccttccggctggrtggmattgctgataaatrtggagccggtgagcgtgggtctcgcggtatcattgcagcactggggcca 



tcgttccactgagcj 
icaaaaaaaccaccgctaccagcj 



tttgtttgccggatcaagagctaccaactctttttccgaaggtaaaggcttcagcagagcgcagataccaaataagtccttctagt 
gtagccgugRaggccaccacttcaagaactagtagcaccgcxtacatacctcgctctgctaatcctgttaccagtggctgctgc 
cagtggcgataagtcgtgtc«accgggttggactcaagacgatagttaccggataaggcgcagcggtcggg«gaacggggg 
igatacctacagcgtgag 

gt cggaacaggagagcgcacg agggagcttcca 
gggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgattmgtgatgctcgtcagggggg 
cggagcctatggaaaaacgccagcaacgcggccttmacggttcctggcc^gctggcctmgctMcatgttctttcctgcgtt 
atcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcga 



ttacacmalgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccatgattacg 
ccaagcttgcatgcctgcaggtcgactctagaggatcaagagcatttgaatcagaatatggagaacggagcatgagcattttcga 
agttttttagatgcactagaacaaagcgtgnggcttcctctgagcecgctttccnatatacccgcattctgcagccnacagaatgtt 
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ctagaaggtcc 



gtataaataccgttgaaaataaataccgaacaacatttgctctaattgtgaaatti 
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General description of theC.elegans T7 RNApolymerase 
expression vector with 4 examples 

Specific or/and general or/and constitutive 
or/and inducible Promoter 
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/7&7 



T7 promoter 



T7 




E.coli plasmid backbone 



e/?Aa/7cet? i/ee/ar fits- tfM4/, /?r<7att/c/s7cj 

a^tf/M #/? cfc^AU7 <?/?Me /t&s-a/y, 
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C. elegans sup-35 
(stop codons) — 
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NLS 




MCSII 
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MCSI 
HMW(2) 
Sph I (12) 
I 7 ft/ 1 (18) 
USbfl(lS) 
I Sda I (18) 



pGN105 

6470 bp 



-5r«I(20) 

~>yl(21) 

^rrin. rry>2prcm 
^ syith. irtrcn 
^Sac I (292) 
Age I (330) 
— T7pdyTHcSe 
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MCSII 
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pAS2* with Forward and Reverse T7/T3/Sp6 

T7/T3/Sp6 promoter (forward) 

T7/T3/Sp6 promoter (reverse) 
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pGAD424 with Forward and Reverse T7/T3/Sp6 



T7/T3/Sp6 promoter JT7/T3/Sp6 promoter 
GAL4AD JL I pADHIT 

pADH1 1 



2MU-0 
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/7£ /7. 

Sma I (7207) 
A5nal(7205)! 
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/7& /<?. 

T7AT3/Sp6 promotor 
T7/T3/Sp6 promotor '. 
Afcol(6704) \ ■ 
Apal(6704i \ \ 
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